4-UjJill 

3 j ^Lu3 jljj 
k-c&ft j^lt 3jl^Vl 



jjWl ut&l JlJlfiltosJ 


i-Lutm £L*U JU ^a ^ ♦ I 


lJlu/£J JLq^a JUS ^ * I 
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JU>! JLllj |UjJl ■ <^ *! 


JjJUutl 2LbJ 


JU A^JUUS/} 


*J* 2 LA £**jm 3 I JLlC, 


cUIS 


^ J 


J^U JU*J JU3E-4 Jjjtfl * 


^jJbJi 3 ^ LajL lLullu4 

^yLl jJ^^ULI iS I^|i5 j^JJJLk J * j 


i £uatjJiVl 

^Lc^cbLJt .siij^Jij ^rfrUgti jj» 


y*y*- y*^ 

(^-LflJI ^JLszlII 3 ^JLszlJI 3 4-OjrUI 0 jlj 3 ^jIp- LjllSJl I Juk J 9 IJUJ ^jvxo jr^C- 













bj LaJ(j-o IdA ^juuds ^jju *bjdi <bJ£i : *LxujLujVI ^jixJI SJdSj ^A pbJdiJI 

<jlj^JI ,jjj CaMxliUI ^Jb jAil j (^jJI gbuuSJI ^xlx IflJLa cLI uVnj ^jlaJl J_usl ^Aj .1 jJJl-lg j IjjaS 4jii 
(jisjVl CaLixb ^jL> ^Ixjj b-xjj jjl^JI ^xlx j .<bjxJI CaLxalSJI bj (J^l±Ljj jJjjuJI ^xlxj 

^x dlxl I (^ajLujI ^Aj ^xjlaJI jxl pbjdiJI ^ila ^LjI^jJI ;r J jjSJj .<bjbxaJI ^xlj^Vb ^jjuj dill I plx j . 
<Lu2^bJI ^Jl ^jl b jAj j^sJI I d^J <b£l^JI (jjjl^111 ^jju pbJdAJI j . JjL^JI ( jj±jl j) II j ^ JjJI 

pJbdl 1 jbbajxJI d jli <bL x jjbJ-uxaJl j cj jjdl <jSLa ^xJj .jVI ojJUl lAd^£La ^aJI IjjbbxxJI IjlxLuxsJI 

• CJjjib °j^-H J-b P'bjdiJI (jJul^4 ^ibluSl J-uai jbj . j^<JI IdA (j-ul j$ «bo4J ^gSljdb VI 

. -jJlaIulx! IJ o jJlII f-blx £xb> J (j-6 VI ^4 -Jlxu j^JI j CaLubbjJI J >.114.11 J pbaxiSJl J pbjdiJl J cdUl jaxu/I b j 

^lxj *~xLx~a ^Jl i j jjbij v_4ax <^a ^ * a*waII J^xj l^jbjLibj j *bjdiJI x^i ^1 

J j a-v aII J^ixLUl J ^jlxLjlucJI jLbV I J jJ jj-loSJI jbbJI j bjj-ol j b JjJ^ (C i JjtiJb IxxU IdA j .^x jib j 
jj j 4 ;*< ^ 4 * 4 bi j CaldiaJ) oub jj ^jVI jj~ 4 ^ da ^11 ^xj .p-bjjAJI ^xlx jlba ^ J£ ^jjJjiblHI j 

.jjdill j 5jdll jxljVvmb jj jjulaS ^-a*a ^xjj bjjSj .Adli^JI Sj4u>lb 

VI ^ jJJuV jxJlx ^biJb (LluSL ^lx jxSb-a Lb I ^ ^ aj (^jJI j . <Lii JbbJJ J jjjx V cjl^j jxJLx <bl 

Cab ^xJ jl (CabLuxiSVI <j-o Ala^b &J uJ ml Sj^b ^aJjlJI ^xJ^jJI jl .^IdaVI ^Xjjj jSl 4JI jxlsJI 3j)ln ui i 

cdX jIxuj (jl Vjl daV jlS 4ai jx^bu (j-d JS . ^xb^, pJjdli .^xSl jib dxuSj 4b5J j SLxb ^xjijJI IdA 

(jSJj .^JjLUI j_lX ^LuLubVI 3j a^xll ^xSljj (j-o jxdbxJI IdA pbj jXJ lljuLlaj .4j_b jjj^VI 444^ b 

SJjjx j ibboj Sjlli lijJLo 4^xSljj bu <lxj_uuj pJj Jjl j II IdA pJjdl cdJLb ^ ojllaxll 

b JS j ua^x (jSbj I jl s_4>S . 3 J jdx-o 3 jll4 I j^kl j Vjl ^A j <Lab^x 3 jli£ Idadd. s_4> t^a jl 4bSbj ^Hx 
l* 4 ^ 4 <‘* Lxl Lb iu I jj Lul IbxJI j tux (j-o S' s-4 a ^xj ^ila ^Ibx 3jd^-a 4 jlujI jJ 3 jli4 jV I 4 jlS OiLa-tu 

Cdx-JIj pLudl JjLualij ^la^b Cal^J lxu J^X jbJI ^jbJuj 4 jJI Ij)lur>j b <Lud*Sbx dxb jjJjVI l^-ii 
bJ-a.4 jjjbkVI 4 jJI ^dal bj ^jIHII b 1x44 dxb .Cal4l4^VIJ CaVjbx^xllj SdALubxllj (Li jJxUIj 

jXiAlbJI ^lx JSjj jl LiaJx4 jxj (j-oj . jjj4JI (J±& ^lx ui all J4 jUI g-tbj jl dJU ^AJI 4 jl1x j4l utl b-a j 
jlj plsJI JjlloUj ^ilSj ddf pla jl (jSuxa Mi tjju Lxl JjL^liUI Jjlxaj pbxlJJI jjx-Jl IdA ^i &JuubuVl 
jjdxd Jdx ^ix j£jj jl jjV Lu^J j .^jl*JI <ja ^ix (^1 u* j } *' ^ tj* <s* l4^ <LaLxx ^xbi 

.lAdJU Lxl jfl cC \j < ^LaJtxxj^jl j 4 jlxulujJI ^xjlALLxII 


J 
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:Cildaj oMj ^Jl obUI IdA 

JjVl JaaiJI JjLuj (jaj . jjUl IdA CiVbai^l JS ^LujI j olajaJI jVl 3da.jJI JjQli 

Jlo < ^UoadbLuLd jj^SJI CiLajail jjaa dal jAj PjaaJI JjLuj ^31111 J ua^H j .4_iajail 4£jaJI ^juLuil 
<LuLuaiJl CiUaaall j-o J_ualjUIj < Jjaaall jjiiJjJI 3j£a1 JaX ^juLalj < jjj jilxlUlj 4x13VI CiLajx : 

. £jxbaaJI jUSVl jJX 

^1 LSaiLSdall jail jll j I die I ^A J Ciljbdl j Jjl jadl ^A J £jl jail (j-al ja JjQlii <LuLlll 3 da jJI LpI 
jJLUl Juai.ll ^j-aliajj <gjl jail 4JLa jllj ^bdl (JjjLjJI ^jJjlUI jp JjVl ^JLuaJl L^lxuljj ( jxuj 

.4£ jalpJI jlljaJL j.jI jJI JaaiJI j <4jk£buJl £jljalb 

.(jadlaJI JaaiJI Ciljbdl jdjl j£ 4-uil jj ^li Ciaa 3 jl jaJI 4x11111 3 da jjl JjlHi 

: is^SJ 

dljJ j iCoLsJI jXJiAliall L5 -lt JjSjUI j 4jlojI jdll 4iajail adA 4jjjjaaJI jJX Jjaalilll j jxuaJl 4JI jl — \ 

.£jaajail ^bdl ^iJI 3 jJuLlp u ua”t V ^Ul CildbjJI 

jl (Cijuall 4JLa . tS i ) bjLp llaxuj CiLajail i i-Uali cua pxVI £ jaajaJI LAjblxb CiLajalb PdxJI — T 
Lp j Jaxu jil 4-uaLa 4Jla Lb jlaixb £jl jail 3 da j L^jJj .(p jaaJI 4jla MIp) Jaai jJI IdA i-iJloTi V 

.jaV jlia ,j-P Jaxujjl CiLpxuia Jlibjl jl Cil jl jlAl j^ 4-ii jidaj d£ 

Ciljbdl jdjl jij 3 jl jaJI J uak IdJ — T 

C 3 '^' <> jaliaU oISjXUI yJt SHJ oU£JI j^uj - t 

4ajI jp)M CiLp jixall ddA ^iLu jl ^Jx jxdallb 4jjiaUI iaijJ <Luljjl CiLp jlltaS jl jalll pi jxu 

.^aJjdl ^jjj umII Jjo 5 j-o Lftjjj Jbjj jlalp^l 4 -p jlp jdX 

JTIjal ^1 laS 3jjaa J5J cdLiaajli 4 Jj1p 4aaaljjl 4-idaall jjaaJI j-p JjIx JdX olHJI (Jjlaj — ® 
.3 jjblpJI 4 jluj jdall i.riSlI ibalbdl ^juailXaLl Uxb jl jjl 4 ju jl obUI 

cdJUaJI (jdl dlljjVI (Jjli L^iSj jjjlaUIj 4Jj-uiVlJ 4jjJaall 4J1 pVI j-P dJdxJI ^Jx obSJI (Jjla-i — 1 

.4-ixuLujV| ^Ju&liaU Jjaxll ^gUIj ^jbjdiJI ^Ixalb 

4jLuibUI CibjLdl j <LubjjUI Cul jUI j CildajJI j jbu^M j jj^ jJI jx Cillalp 4l»u olHJI Jjd — V 
pbjdiJb 4aalaJI jil jail jl ju j ^3l jlajl j plabdl <jAju plaxul j 4-ub jdJI 4jjajVl JjaJI j 

.CujliVI ^ 


V. 
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I j ^Lujjdl fa i \k lib Cal a 11a ia&JI j <sLaJxLxjV I UtllLa CaV jla-aJI £jl cxLaSJI ^xjj — A 

. jdJI ^ 113111 IStU a a * V; ,/,aH Cal jJI J 

Jl 4£jJLdJI JLu .^Jx JaJJjj oLaSJI JJjjj jiJ iSj - ^ 

www.ekb.eg 

^lx o^Uall Ixa^k utl f^AJI j 4 XjJLaJI ^jlaxII ^jI jjl jA La lg-Ld j < Calx^L luj La Ig-La 

.£V-bVIj Ca^dl ^ xaJ^JI 


jrlJ^VIJ 4 juAJI Caljj^-AaJb — ildjJI ^jl— ^ouiJjjl £^lll ^J)JxJI jJLuoSLLujVI j£j^JI J — \ * 

jL lujVI JXX jjJj VI 31x1 £-a 3j jIoa.1I 4jlujI jjJI ' alaSll IxalLaJI Cali-uDl jxJJ ILlLs oLaSJl I ^jAJI 

(AjloJjlII SjLaJI jX 3jjjlaJI jjuall jIlSVIj < ^j-lxJI 4^1 jV jJoxu T i <jx jJI 4o,4uall 

pix j-kLa jL oJUaJl ^Jl ULujj 4^.jj 4jI£jlII j .oJllaJJ J^LstS uiVJUl * « a <^'\s ^Lal&V IJ 
IgJLa J-oLaLala ^jJI Calx I jl^VI J£j 3La^JI HI La JS jA ^LaJjAJI jV lx^j ^LaJjAJI 
oxj ^LajJkiJI (jxiJjXa jjSLa <jLa jxj jXall ULuajj .oJjUl Jjl^LxlaJI j^jlII ^Jl Vi m ^aJl dLLaj 
j^SjJ 4jlo jjlII Cal xaLuia-lLa ^j^ila j£ Joaj j-o ^jjjJI jjAla V pa^lAdll Jib ^ix ^Axa ojJ-ujLj 

p. ^ ^ 

<dl jjb ouajAll JjALwxaJI m cLoLoI Villol I pVJA (jjj jjSLa .1 jxAaj lx j-ulo pJjQJI 

^lx ^Jju ^LaVl ija ^jj AjI ^ix ,jlijjdl j JaAAJLa dQx jA CaJ^AIaj LajjJI wQx CajXk-ala LJx j^SjJ 

.1 jAA Ij^j dlisJ .^Jjioll 4j CaJ^-o ^jJI Call dialJ did pJjdl Jj_usl J dLajJ 

xl_jj_j_o H ^_d^_i_o ^ 1 ^_cl d-J_ 

iQ 1119 —J Jl o A u Q h n o ^.f 

^ ^ ■»< ^ o ^ o d_ol —lu ^ f> ^ o .^.1 

^ f> ^ J_LU-JI ^ ^ f? u --Q- K «r% 


cL-pM iii Cj_ s-J _b v 9 jl b 


i\ ^ pv i I o II 
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£A - f.: OL3Q-0-JI: oJgiJI o^^gJI 


£.Qi 79 o II cLf*j_^J| : JqiJI J mQll 

ff.ngjtdJ!: oJlill J i^oii 


AT - £9 :£ulqoJI : QjJQJI o^^qJI 

0. ci i-SI m II gulq^pJI yolg-^: i"i III II J mQII 

V£cl^jjslLoJI £ul*oJI uqI<^: £oljJI J-iaXLlI 
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A A Ol jLsJI yLiJIqi): ijjj qIAII J »^Qll 
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J*ll : Jj^l 

-j <a>i lyiiaji j^ati 







Waves 


Wave Motion 



i SLaJLdxJl 


( hj[±M*) ^uU 3 jkk yf% yL tx&tjj ♦ *U* nifluM CiL* 3H <jJ*jh> 4jJU4 LuAju x*j 

4 aU 4 >Vl U«A*» J^J J . n^jljLki > j-lA—D Ljii 4 i^ I y , OJM0 

JS ajL-oj « 3 j-*i—o # L^i — jiV J* — *U* ^ 1 L *£jj /l 3 ju^» j-l* ji 

>1*, *1* y* *LU Jjl J - ji«A 4 jjliki #UI nJfiUM ^4 

.~il v j 1 La 4iu^iki 1 \ i 11 a..-% i (j ^ \ — \ Jijj | vt .a -i 11 Jjj 1^ jfl ... ■ 

.ttlklt Jii*j 

0BEE3 

ili 4 jk j^«A< ^a jwi>Vi CA^yt 
tajtjlsuiol UxU. UOAJ liiaia 

. *-> jJU Cj 3—0 fU^o JS Hi* 3 * jjjcu U *jjoii . IfiJG joJI CiL*. yi Lbx*. y jA *U* CiH^a Ca^fcJj 

JJjk . VC* 366.7m I4J3J0 a\a** y±* AC*3^ I^JLm jj i^uj 3 ^alAJ* Ax* j* 3 jjbULII Hb : HIjl* 

( JU^jV* ) lyUi^ujj £1 jiJI j jCCCi C1H3* ^J1 J« 3 303—^* JLu 

JJjk . 3 ^3^03 ^J* I4JL13AJ pj* > JLkinV* Jlfx y •L^ijxS CiljLJ ^J*jCiHjl* *jA Jy^ kii 

Cil jLLy ( J3XUU £*jufc «^J* J-uj ^i* Cl 3^il JLu CiL* y* k* J^ULaj jyuIiJ* J Li 

• JdoxLI Ja^3JI3 ^1 ^iJI ^Ciju Ai^aUiVa^Ci* jLC* ^J* l^l«3. 4 ju j^s Ci*jLL* I iC3^1 * 







































■ *j>-“ 

wJUk y> UjUl Ja jy.n» j Jfjjiiitll j jjjl jJI Cil -*34 jaJj .Ulji «UI Cil^y* 

jlijV) ji ij ■■•"■>11 oU|iij uUy JLIjSj Mechanical waves * .c»»tc»« *lli 

* i ..4>I-iLtX4 3 «jLk yt J ja •* 1 < jjiil'illj J J-‘ j * ‘ r ‘ 11 J £»Ia ys JiJ . lA jl jaAl *Ui' 


Electromagnetic Waves 



•£l jiJ* jLauiV^ l^j^u jl iaMjJI Ija Jli j j ^ j 3 j JV CuaiaLuu Ului 




: jfUJi V / J» j* ^ /Ui dbg 


y 



: j j j. l'vl.k.i i ,_iUr\Vi 

wijj-uj ji jljia* jj-a* (>) 


ji ji*yi >u ^ijt Jsum^ji (r) 

:l+la is.yj~i 3 i jaii ^ jjfXI jjLyAJUj 
( T — t JSmm ) <8tti.il! Jjiiu Jm • jafJLI JtiwJI JjiuJI (') 
(r- \ ijS|lUiiiyi (T) 

(t-\ J^.)j4JUyy»(f) 

.(o - > JSJ*) Vbyo^ijjJL J*jju La yt j jjljaAl *Uu* ^ jjaj JIju Jaj ( i) 







































< Displacement : Jla ajjjjaAJI <LuL»jja]l CiUaSJI as j^JL u»~. 

jj jUI j < Periodic Time ^j^JI y^JJIjComplete Oscillation £lat£JI j Amplitude 

:l$ia J£ tibjju ^ La^i^Frequency 





£» 
























jc ZlLz J J3$Jd ja-ta^JI jju ^a Displacment (meter) 

. a ^ -v t a 4jlo£ < ^JLusV I 

£u &LudJ ^a jl jltyJLI m^ll £^ljl ^^-uaSl ^A Amplitude (A) (meter) &*_uj -Y 

.<Lsjjl-lo j L&LuaSI L&aI j^I 42c jjm ^ jLuj-a /| 

ajlIaJJI 3j3£ll j2$JLI I^JLaju ^1 4S^a : Complete Oscillation £lal£JI 3jlj3A^fl -? 

ijxiij 4J (j^jSLi (^1 < j ^L^jI j (jGjJIZLa (ju j-a <G£jLota ^ 3 J^l j «UhiLu £ru ^x^uvj ^3JI 

. 4Sj-aJI 4 jI jj £la£jJ 4 joojJL Phase 

^ mII Ijjaa-i ^211 ilaliJI cdjijiaVt jo* ja (Frequency (v) ( Hertz or Hz) jj jUI -t 

.Sj^.1^Jl cLulill 

< £lals djljlal Ja* ^ jjfU » ima H as j.xl»u (^jJI ja Period (T) (Second) O^P* m0 

. J <>LaJil ^j*S (jGjJLiia (ju jA <G£jLulo Sj^l J iClaiLu I* <U9 j*~i mj jJI 

( 1 - 1 ) 



cion «**» » 
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Ci 4i.jioj djJLJj j-b d^J C^JLOJ (JxlLaI girmt Jjji Lfcj-udj^ MSj 1M I jl 

djl j^LujI £-tbd jaCj cGU < dGSjjj d jjljJJI dL^dl JH1I Luj^. < ^-tulj JbjL^ 

. 4 tni III ill iuSiljUI ££j-aJI ££J^dl ddA Jid C ^ 4 UUJJ ^ JSuil) *GlC IjJJUJ djJkJjJt wUdJ jJ «t£ 

^-Lt J Vi (j-djl) 4 1 mML djljilxul £-ubJ ^-ujl^JI Jij jSJ-4 4jl^. JuU dj Vn ^dJI ^*1 Vi 1,1 LlclxuJ I jU 


.wCJhj-m-JI 4j^iljUI ££j-aJI Jjl4j La jAj (V — \ J £jm) Sine Wave < x±^J\ ^jlVls ja i( jL 



4ioi. 


I jdl <&SjJiJI (j £r ^JLU V_,‘- . jl ^Vl4 



*|* 


I 

I 

I 



j^fr 4 

























jaVI jbJl J djbj Lgjijb JaI j-o 4~i m <^ulal ^Jnm m 4-13S jj) uVnl Lu3jI 

(j^ajJI 4^a, m 4l£JI Luja, I jli (IA — \ j£du) ^-tul j balA jjjuJI 4i jb ax ** * Jj^b d j-uJ 
bxl «Vill 1A&j bi i^n A (j-Lab djbjJt jaIpJa ^li x = A £-bjij ^jl djdiJJI jjaa <>LajI 


laSLAj .4julxLa 3jj i 43 GLLa b* <b dJj Jaxjj *4^-a d jjjJJI 3^sL jjJj Compression 

J iK\an 4J3SJI Qaaj djjbJJI jU x = —A £-bj dJj Jajuj (j-\al1I 4^a ^Jl IaLu bi.Ldu.ll Jixu 

jAt (j\ajJI 4gA jJuau La otx j-uj Rarefaction JaJaaII Ia& j 4-1a JaJI ^ lx 4 j Axa 431.4.1 a *xLu3 j 

.(^jaI 3 ja x = zero jl j&LujVI j-b j ^Jl m 4J3SJI j jju La ax d ^bJJI 


(^jjl ) bucujJl CiIaluja cjAA* 4jdjQ O^lVillj CalbxLbuJI ^a 4Aja^ U Jiajj 

.oljbubVl JUbl <>LajI 4-tuib 4 a ^X\ jLulajI <>LajI jSJj 4bxuu 4b££lj3 4SjA (djbJJI tx& 4 ha \ 


J^b CjMaJaaII j cilbxLbdl JSxu cjjla Longitudinal Wave 4-d^bJl 4 a jib 4 ajJ>) <>a& ^auxuj 


.(u A - ) jSdu) djbJJI 



4djb 4a^ a ^ J oMaJaIUIj CiLLxLbjJI 








































<v 


ds. J-UU J utTn jJjj jl (jSbAJ 4buuuJ 4biil JJ 4£JA ^*1 ^jJI cJjJjlXI jJ-u2uXI <jli I jSJbJ 


CaL^. dJj JHa J ( AjIJjI £-<b 4bl ui i 4jiil jj dS <>jjJj Jb-tujJI j£ ^ 


„ii j mTn ^1 4 jJ^ bJI Oj-uaJI 


iS ljLv 


4i jb Ca-kLaj < J j J-uxa ^Jil Jjjb i*i jb L^J CuuLa j ^jxi) j d ) <Qjjla m 4 HS11 <jl IjjJ)j^j I jl 

11 \ \ ^^-ujI jJI <>LadVI 4bjLou 4 jl££Ijj 4£^ J^ju < m 4 \'\<i 11 lao-Lsi < ^mj\j bjL^. j a * ill 

J-L^dl pj^jl IiA ^Ul plj^Vl uiajj ^Jl ^jJj tiAj 4SJ^JI (joib l^j CnlU Ja^JI Lijb dJjJ 
^iil oLidl 4^4 jjlA ^-l£ Jj),aJI J^b 4Sj-^JI J4 jju IjSLAj . < 4JuLlb Sjj-uaj 

4^J^ ^OUJ 4j^jJJ J ^-uj!J dLadl 4bjLuu 4S^ Jjb^JI dj Wi LoJlU < V 4£j-uu 

(<\ - \ JSbi) Transverse Wave du^ j H i m n 






























4jlluIjJI 4^Jj^U fj. u^JI 

jbdl) 4 jl3 jb J^f Ci m < J jj juus Jj^b J-l^. ^1 j Vi mb d m4 n 4 j j^dJI Jia pij^l iTiSa ij 

JSdu JiuuVj ^-U.V IjlxuIJ djJ dj^d Lajd^J <dj-U JJJ-ui-A j^Vl 4ijb> Lajjj < ^-tulj JbjLxJi (jjjuJI 

4^ 4^jJJ £Jj£> ^ouluj ( Jj-^JI J^b j mmVi < 4 i r\ \\ jSdu tL± ^a jl uiTil < Pill SC 4 i/*i \\ 

(\ * - \ J£du) Travelling Wave £Lad 



4bjLou 4jdijl4£ ^j£r A V;l\ A" <A «\ 


























4^-iTi jj j uia j uiTn uUjJJ fjA jibs 

«Ll£jjb JaI JhJ£ 4bjutuJ cLkisI jj 


4bi m ill 4 jlSSI jjJI 4£ j-aJI Oils LXLb i (4l^j j-U CjL^ (j* I jibs) 4JLusl jib 4^, jJJ dJA 

( \ N — N JS mi) 3 jA±ULA 

jl ( \ Y - \ JSuaj) 4jlI jb 4^,JjJ jj (jSLaj LUA. < ^5jJlJj ^JlLaj JJJ-ulXI Jju^JI JlJ- lLujI jSbAJJ 

( \ X* — \ JS mi) 4_bj X \ uiA 

— jljlA^fl J3Tn I jl . 4jlSjSJI (JoSjj bjL^XI buujJI CiIj-Jj^. jJ-uaU Lajlic, 4jU < ^ jj La£ j 
IjSLAj < Lg-dj ^jJI btxu jJI olljj^. ^Jl LgJta j < 4a 4lualtl jl 4J 3jjL^J,l btxu jJI CjLIjJ^. ^JjI jj.ua U ^ — Vjl 
La LjijSj (jl mi La£ 4^gJ»li < 4 Jl^j^ 4S ^ 4jjl& ^-ic butujJI ^S ujl jbub^l IjA jl jIj3aVI I JA j iiiln 

.4SlbJI JSjlj j J41 uj cjljbubl V| ^A 





















4jJ jia j-o 



JS" ^ jjfa jJJ j >^ia 


:la£ ^Jl <C»<»*«!<»> I ola^i.1' °*'* -^"* (jiaj I j£A_j 

Transverse Waves iu*jjtluiXI ola jil (\) 

Longitudinal Waves ^LJI ola ji .1 ( Y ) 

J^a isuu^JI olijja l$ji ola^il idD ^ Transverse Waves a_u*jjLLuJU 0 Ua._ 3 i.l 9 

. <Ltaji.t SS jaJI jl *laj| ^ns. olajl ^9 l$jl jil £_ial 

J^a iauj^JI olljja L^ii olaji .1 dli ^ Longitudinal Waves oJ^LJI olaji.1 j 

. iuajj.1 d £jail jl I’iViM La (ju9j ^i£ Igjl jil £_ual_3-a 























i**u jLkitui »ai 






f 





jJ^JI j^JLI jA< ^> U «LlOJJ (J jJI Ji-uJI jl 

iGiUs J <jjjJI jJu Jiajj £j*a_g AfiUs cG.i& ^lfc Ja'»'" 

j< jlat Jiajj $£j*. 

JaSUI (U - ^) JiuJI ^Jl 

ja-tub o^jil dUuVI ^ntnt II CiLaL^-UI Jjlaj 

JIaj ^jJI JaiLdl ^uxu Lulu (Crest &a£ Laj jka) ^.^4.11 


(jU.a 4.1I juub cuJLcaJI <>UuVI A^IJ^U ^.aKjlII CibL^UI 
jjjJI plJ^J ^a (^1 (Trough £li Uj 

J^Lk (juJUU lx Isj <La£ 4jI j^au < Sjljx&l *Lul 

JkLxu ^Luk jx \uiXI 4^jil ££(jl (j\ (<Ua\£ SjIjIUI 


.& 1 a IS SjIjIUI J^Lk ^j-uJLkia pLsj &a3 



I 

I 



Jkajl j (<L&I) jJJ ^lc.1 jAku qdi 4j*iai 


(e 15 ) ‘ c e > ^ 1 


^requencyi v) ( Hertz) ajJJlj Wavelength (A) ( meter ) <^>.>*11 JjlaJl 


L^J , jJJ JjJbJL <Ll& jjlLuAI jJsl (juJUU (>xL5 jl (jbLJLlU (juaS (j\ <j\a <£ALuJU i j£. jjju 

(jUkJku (^1 j-a jl (j-uJlxLa (jUsX-LUu (^1 l£j£j-& (jU i^LuJLI US ( \ & — \ JSui) 

( \ 1 — \ JSbi) LgJ 

































— 










£U» 


<Lu£> jJlLuxo ^S ^^Xl JjlaJ! wJLijJLJ 


( ^ ^ ) JSJxJI La£ (BD)< (AC) O^huAI J^laJI Jiaj jl (jS^j < liA 

<>L^jI < 3J-^lj 4-iilSa < j CiSj (jlSj Vn (D< B) < (C< A) Cf^r&* j£ <jl la^bj 

(<>l^j^l (juii j I jai£3 U 4 J (^1 ) Phase j^laJI (ju& L^J j^sLa < j-^J j 

(S 1 — \ jSuii) jjiaJI (jxiij L^J ^GjJLiIo (jGlaSj ^1 j\j ^CiLuJJ ^ J^iaJI .*. 

(\ A — \ jSui) j^.1 j jjj JiLk j^kli ^Ul 4il_uxXI jl 





SaIjIo JjXaJI 


AjliLj j <>jd3 ^dj ^ <Cjl^ jJJ d£ j-^JI jLato 4jujl6 <Ua£Lu j^j ^jJI CiL^. jAI jat 

.JJjjJI ^uxil 


i^On ^stti 1 «i*n * 






























A 


a 


c 


0 


f 



0 




K* tu 


A 




j-U 3 j 3jJJ j-aj J^Lk ^J-U Ifl atlnfri ^Ul £iUJJ 


I »>*j‘ 


) 



l+T 


A 


•*•**» *»* 


OfWVV 


iJ^ls ^5^.1 JjJaJt 








































9 M 









ljLv j^JI jLloIuI j*Sl J jlzJij HjJJi J_u 2Ga^L*Jl 


3jJu.au 4^ jJJ jli X jJJ JjbJI JjLsu 4iLuu> JJUJ Jjkl ^Jl jliLo j-0 V 4£,jouj 4^Cil3Til I jl 

T (X^ 1 <>X X3 

X 

v= T 

oV f ji£j 

v - — 



T ~ — 

V 

6^ 

(1-2) 

4 ir\ \\ jl CaL^j-o (j-o I jlia£ Cul£ pi jou CaL*. jJJ £ljjl j* jl itm V 4ulx 43 

(S<\ - \ jSu!u) 

J^laJI JjLsu 43 Lou 4^.jJJ JiLiIu T (5 Jjj (jAj ^3 4jI ^1 
4^ jij 1 (j *tnSh ^1111 4 jl^ jJJ JlI JJ£ j£> jl . 3j^ljJI 4 juHII CaljljIi^VI JJjDIj 

. Sj^lJ 4 juIj ^3 jUU 4>bul 3 3J mTit>I 



ijiftl ^Sttli -k-I' p 































At jjm Lai 550Hz 3 jjLusdl <Lai3JI jjjjj 0.6m jUai L&j j i<ii ^ill aj3j util a^ ji.1 J^is ^jls I 3jI 1) 

S' f- 1I ^i Atij i^ll CiL^jJll jLuujl 

:J^JI 

v = Xv 

v = 0.6x550 = 330 m/s 

JjJs 12 cLuLi 0^1 J djOS (jjjj ^i An* a Ahilu jAj ^jJt frLU CiLa.j-a jot ^jlS 131 (Y) 

CiLa.^J lI jLuLijt At jau ■ ....-vI 0> lm 3 j^l jJI Aaa. 

J^JI 

v = Xv 

v= 12x0.1 = 1.2m/s 

Ijli (3xl0 8 m/s) iLuQJI Jxa uill 300 (_^ jLuia At jjxu frl.urii.il fr j iAII CiL^.^a j "■"*«" ( 

Sfrj iAiII 13a jj j 3 Lai 5000 A fr j iAH tLa. J_jls ,jLS 

1 Angstrom(A)=10 10 m 

: J^JI 

v = c=3xl0 8 m/s 
X = 5 x 10 3 xlO -10 = 5 x 10" 7 m 
c = X v 


v = 


3x 10 8 = 5x 10 _7 xv 
3 x 10 8 


. = 6x 10 14 Hz 


5 x 10- 






IaLULaJI JsjIj jJi ^^yg'Q.ll A3jJCoJl 





Y* Y* - Y* ^ 












































.^GSUaJI JHuj J3Vn cjI jlruAl ^A : 3JJ • 

.^JLusVI 3I ) *G3SUA1 3^ (3^ c£l *ui^JI jju ^A : 4^ljVI • 

jLojlo (j-GlaSb (J-U £iLuJJ ^A 3 1 4j ^jSutu £^34 C>^ J~*(j t I j* m*\ H <L^\ jl ^ u*>9l ^A * A Sjl j3A^f I AJUxi • 

.£a JJlIa 3 ULuaSI LaA) . c i *Qfcj-tu (jjSij ^ 

^jJI <Li1aJJI 5 jjiJI ( tni mi ill JjjjjJI Jjla ) Jli^-XI jxxu^JI l(j Inti ££ j-aJI £ a :£idl£JI SjIJjaVI • 
. 4>L^jI ^jGjJLXLo (j-u j-o <G£ ^ jLota 4nn^ 4tnVn £ju ^.utiaj 

. Sj^J 3JI 4-ulill J^XI *uxaJI l^j^ jJI iLLoLsJl olJljlAVI jj-£ 3A : v jj J 1 S\ • 
---= jj jUI 

.4 jljIj Jj^Ij Sjd5 4 jl^3JJ j-^JI jLola a 4tn3 n j-aj ^jJI CiL^3XI JJX 3A 3I 

(^jJI (j-Aj-ll 3A 3I *4 -LaI£ SjIjIIaI ^jul j-^JI jiLLuiJ (^jJI (j-AjJI 3A :T jJI (j-dj-ll • 

(jGjJLILa (JUj-A ^ jl_UXA d'w% A 4^3*11 j^jJ { JbjUxuJI JjjIuJl (JIa j J~l(j X1 jXXUL^JI 4£jJLlXUJ 

. 3 <>L^jI 


: jlfc 3 J 4 iSntSxJJ oL^, 3 XI • 

. 4 -d3I3 Cal^3-A ( Y ) .<Lua j.x 1 ui.a qIa3A ( \ ) 

oL^j! 3 < L^iljjl j-t^l3-A J3A. isLui3JI l^ji ^jJI oL^3JO dli ^A : jJlLulXI oL^3JJ • 

3^1 j-aJl jLuUjI i>L^jl ^J3^£ 

(jAiij ^-Lc < Lgjljjl j-l^I 3x5 J3A. icuuj3JI olljj^ L^jlS ^jJI 01^3X1 dLD ^A : 3I2JI 01^3X1 • 

.Ajl^. 3AI d£ j-aJI jLuuaI 

.4jJLI1a ^Ujl ^3 ^j-a (j 3 ^u jjLLuxXI oL 3 XI • 

.^LlILIIa W '\3 oUai>Luaj ^a ^j 3 ^Za 4xJ 3 !^! CjL^ 3^I • 

ijxiij) J3UI ( juij La^J 4 -^3JJ jLuujI ^L^jI 3 JaIIJLIIa jGlaSj ^1 ^ju ^CiLuxXI 3A : ^^.3X1 J3I2JI • 

•j)f' 

v=A,xv : ^A uU3XI jLulajI 4x.3-013 ^^3X1 J3ISJI3 jj jlll (j\j • 


^ ±mi\ »bJ,4Ja?< 

















:<> J* : V/l 

ji>l — T \ 

-1 £j ^idi 4 ^x 1 - r 

: AjJLUI oljLudl ^ J£ J^Si : bit-i 

***>'#• 0) 

5 jl^IiA^fl A.X III ^(_j) 

&lal£JI 5jljjA^fl (_a.) 

( J ) 

^A JJjjJI (-&) 

JliUillJ :liilj 

?OL^jJJ jLuujI 4Xj-ujJ jJJ J^iaJIj JJjUI (J\J £3 MjlII ^IUlLujI 

: ^Jj l^oi uaJI jLlLLVI ^Lal (l/) &a^x : Uulj 

: ^A LgJ^bj V LAJJ jliJ jLa JslujJ ^5 V ji am I j_cu ^S^LaJI — ^ 

V= -L (o) v=Xxv (1) 

A 

A 

4a-U,^ 4-jL^.I V (j) V — (-^) 

: (j-c CiL^j-a ^ <Lub jjlLulXI — T 

.CjM ^ IVi j olla£l <<Vi ( l) 

•u^i (v) 

oL^jl t^Jj£au £-ubl J3J 1 frfV4 OliLtaX Isluj jJI l^ji Jj^Tij jLsUlSj ^a£ 

.1^jLuujI oL^j! ^-Lt 

^-Lc L^j jSLui £-uil 3 j \ u~& oliLuA isutu jJI CiUjJ^. Lg-ii J j Vn j CjU-LLLj j CjUo£Lu^j ( j) 

. 4jl^jAI <££J-^JI jLuujI la^k (jAiij 



n 


i>iiai^aii 



















jjSIj 666Hz 4 niMI jjjIaj 0.5m Laj j <^rn ^IUI 4-uj <^11 J^b <jl£ jl — V' 

. p I^J 1 Qj) l^ll jLuUj) 4XrJ.UI 

333m/s (o) 

338m/s(l) 

346m/s (j) 

330m/s (^) 

ji.t IgJ^Js 225Hz l&jj jj 4uJu <ui j *«*«*«“ 340m/s 

yJs Cl J) u*tll 4X jau CulS 1 jl — t 

: $£> jjJtb 1 jjAa 

3 , x 

4 ,. x 

— (-) 

—(') 

4 

3 

3 / X 
-( J ) 

2 

20(E) 

300xl0 3 km/s dx jj^u ^LuaAJI jCjxu ( 1 Angstrom (A)=10" 

10 m) 6000A° 

ojjjj oi% 

4xl0 14 Hz(u) 

4xl0 10 Hz (1) 

5xl0 12 Hz (j) 

5xl0 14 Hz (£) 

Ll^jlJ^ b (ju 4-uxuJI i (jola buxij ^5 <jl jju£1 u 256Hz< 512 Hz L&aI jjjj ^ 

1 , V 

2 ... 

— (v) 

— (') 

2 

1 

1 , V 

3 , x 

—00 

— (e) 


3 1 






E7? 










d£. j-ujj 1 j X j-uulu 4 A «« iUI\4 a Ci La. ji*l ^aiuj Cl Li. jij £-ujI J Ja (j-o PjA. P j) t^ll 

^uucd^jjjLA ^JllLJI ^.flu uj U 4jdaJLo<Lbjjjli 1 g n i Lai ^jjLujj < 3 x 10 s m/s Ljai £1 jUI ^ £L>L 

. (^-Y) J^Lu Electromagnetic Spectrum 

Jnfrared pi jaaJI CiaC 4JuiVl CiLa jaj < Radio Waves jjjI^J l CiLa ja JLUI Jojou Joluuj 
£ juiVl CiL^.Ultraviolet 4j^ mini) ^LuiVl CiLa jaVisible Light j^iaitl p j-uiJI CiLa jaj 
.4 ^jjlulp (j-sl ^a I 4J Ifl *\i\~y j Gamma(y)-rays LLa 4jui1 CiLa jaX-rays ^LujouJI 




^..«.qA.t’iLjUSJjffiSJI V 4>loll 


Z 4 u« 4Ul\i a CiLa jail 4£ jILuJd jaJI JjLSJJ Jbjl jjl 

jJlLulp CiLaj^ L^JUAAjt4X. j-uJI (j<tVi 1 pLuaiJI ^ jrrri jl J m3 Vi 

.Ajla^XI I 4JIjJalJ LgCljjjj £ l at*;*; cuL 






























J djbuSblj aJ Lai I {JL/I5btjl 


^UJJI 


4ijLud I jU . (jgjlx iduxij 4ijl_udu ^J La 4rtn3~imA JJ CiUL^jVI ^ i<\^ ( J frj) u^ll j mVn 

S* C- ^ ^ 

. ^jjLxJI Islxu jJI 4jt_uid ' «aar ;a , «ub a LuoLaLa! jl IjLcu^jI jl LujISjuI Jbu 4 jU 
Jja IpJ^ jli t^ll ^CiQSJt J} \a (jUrmi^g jU J-udli ^Jtlui ^j£ jub £buxi idj)Si m Jjl£ 

<( j^uaU JLa^I j-u&li jb^fl g-J^JIj* jxiSjiaj pj-udJI 

:^Jj La JjLIXI JSbttJI ^a Isl^^U j 

JjaJlIIj J mVlUj jxiSjLiJJ J iaSbxdl £[ jum }\ ^a JS 2"% 

AdJ J jajxla gj id J-SlulII 4-LV4j ^J-A J-udUJI gJru^JI ^-U. ^LSJJ 

.J-udliJI gi^mJl ^-lt (^J^a£t 
:^u15juVI 4il^. j • 

(jxiKaWI 4 jjIJ = io^LuJI 4 jjIJ 

:jLu^jVI 4JLa> ^ • 

(5^1 Jj^ idLUJjJI ^ is^gixoJI 4 jjI J «_„u-a. (j\j 4 \ mMI 

4Xr jjxi j\j 4 \ uiMlS ^jlill id-tujJI ^ jLui^jVI 4 jjI j Li \^ 

<• ^jtill idLUJjJI PJ-UdJI 4XjJXI ^Jl JjV) idLUJIjJI JJ PJJ-dJI 



g-J 1,^ 11 jbu£jl J JulSjul 


idLUJ^gJI ^Jl J^gVI iduxi^giI (jA ^ \ mMI jLuj^VI J-aLsla ^jxiI l(j lie ^jildJJ (jUduxi^gil 4 jjIj 4 1 a 11 

(2-D 6 i tf i 


sm <> 


— = n 


sin e 


v. 


2UL& jljLu 


4X jJXI J < 3 X 10 s m/s ^jLubj 4 ju ^gSJI Cul ^lll ^A £1 jiil jl g-LudtiJI * j u^ll 4X J-UJ jju (\) 

^1 ^iJl 9 - J-UdJI 4Xr jJdoJ IjJ-A j Ijlj .(^JLa idLUJ j (^1 J 4 a£ jJXI ^A jjS I jAJ I jl pludxjjl ^ * J-UdJl 

c ^ 

I ^ltdXI jLui^yt J-aLxa ^alujj - 4-ijju.il jU V j-Ajjb ^jUI idLUJjil P jjud.11 4 Xj-ujJJ C j-a jib 

V^LJL^JXdJl jL^l jil (J-A jjSt 4 aA jj3 n j-Ajib 4j J-AjJJ idLUJjiI 



A 



Mi 


Y* T* ■ T* ^ 




























: JLjJI j±a jl j-tl jl at Vi I CaM^L*-o j 


n <3 ;LLV' ^uiju 


1.00293 

•'3-<-»• 

1.333000 

- 1 *« 

1.501000 

u ij ’* t h 

1.461000 

Jf-O-X-I 1 J-j'j 

1.361000 

u4-i—Jj— -*SJi 

1.52000 

-U« £- r±Ji 

1.660000 

Jj — * — «*J» £<— 

1.4850000 

3 >j*> *-1* 

2.419000 

jl 


:jl c .Alj (2-2) aSiUJI c> (T) 


v — 


n 


v i _ n 2 

V 2 n 1 



u'^l 

ui% 


(2-3) 


(2-1) ^ (2-3) (> 


n 2 _ s i n 4* 

rij sin 0 


jl tfl 


n sin (j> — a, sin 0 


(2-4) 


a 


.Snell‘s law Jlw UL Li j-ju la liaj 

J-udL^. jLtuJ idjixaJI 4-ijlJ un ,jt idji-uiJI iajxijj ^lldJJ jLta^IiVI J^Lxa oj-ud J-udLi. <jl 

. jLuj^jV I *u jl J i,i j* jLui^jV I isuu jJ ^ildXI jLu^jV I J^ljLd lj j-to 





























I JljkVl Cal J j-o ^Jl £. 4 - 6 JjuLCa J jLui^aVI ^ 1 J Vi ml V 

jSLa ^Jl (J-sluVI p j) uVI jJJ JjJbil li-v-i JgibJJ jLcu^jVI J-aLsca L *1*;^ 4 OJua> 

.^j^jLuajl Calx Hi (jj cil j 



^LiXiVl 


Jyi ^UO 1 y4^laS ^ —4 4ill£ J|l c v* ^ Jj 

4lffc*]> Ulftj «l^llin 4^*U 4 jLi« 4 l^J^LfeX. ^JL^J JLa 4jjX. jJLfj JjUjj 
w v* jLAj^ i.*i tnj Jtl^ ( r— XJSL«*) jLoP iLnil i *k iiii h . 

tjuaj £UlCJ' j^Li 4ilXf> Jil 4jWi< ^ij 4JlSJ' ^4 ^k' iuLki.* 


(i-Tjs:^) 



































li u>^kli 30° m 1 >5 <y jLujlSljI g-L^-ui ^\jjum tnsim Ijl— N 


n = Jini. 


»"0 


jI nX >Vt «u^lj 

:J^JI 


, , ^ _ «in 30 

sine 

sine =jj =0.333 

e = 10*28' .•. i^j 

3 jLuS^I Jab^j 4 *LU JUaXI jLuS^I Jabw jlS I jl-T 

2 3 


.^l^JJI *LU (jA ^ i niMI jLuSjVI J^lxa—I 
c-LJt* 1 ^l^jjl (j-* ^ > m ill jl ..•<*«VI J^Ls-a—i_i 


:J^J< 


^UjJI ^1 f-U.1 <> ^jhmII jLuS^I JatsLa -1 


l"l 


ft? 

n 


j _ 


8 


>11. = 


.alii ja ^ i m ill jl ...<*«VI J^LsLa—o 

± 

n^ = _3___8 

n 2 2 9 

2 

.laU d '\\~u < n = I : jl jmi ja_5 

2 n i 









































\%Light Interference * 



^ouj 




,jJAJ jjJf 


£jj^j Young ^uLajj ^j^l 
Lui JVI jllll 3jjfcUs A-uiljjJ 

Double £jjji>l (3-uJI ^j^j ^lxuLi jju 
JSuxJL ^jiSlit Experiment 

jJ-U£L 4 JSLuJl IjA J *( 0_ ^) 

Monochromatic Source j^UI <^jLJ 
S Jj^Ij X J^lall <f\ (j\ 

4 _> J^l^, ^ OLUilAd JJU ^-Lt ^JL 
Cil^.J .0 LgJ^Lk J^j S 41 lK\ at A 

«U 4 jul j)Jh,ml 

i^-u& (j^cJU( S 1 5 S 0 (jQLluo jQJLdalu^xa 

^y.1 Jj^o Quij ^k Sj, S 2 £& 


jLuaU djlxu ^jTil iK\uil,l jQ-Llill dJLuu j.jjhJi (ju& 1 (j I urn ^jJI CiL^j^ll jIIjJ .<Lul j1sum % JI 

.jjiaJI (jaij LgJ j <fcjLxaJI j JJjlUl XjjLujIa L^jL^. (jj£* ^111 jjLusJJ JLIj J < «Clsul jIIXI 



JiJjUl odA 


4jJI QG^jLill (ju4 a1 (jGZj^Jf CjL ^ja C JjL^JI j 

(jA £fcj)n^nS JJ-u ^1 J^ljUl jj Fn oSljjj) IdgJ iC-djalij<S, < S 2 (j-o 

<LclI ola (J jVI 1 j *Qa<aa ^bUd (j£ Jjldfc ^1X1 ^LdJL^lxaXI ^bUfl 

££Lu4lj .(1-Y) JSLuJI J U£< Interference Fringes JJJjUl ujA cij-su 

:^Uxll juuj £^jjlII (jxiij ^ Ay (jCLdLdLa ^1 ^ju 

(2-5) 



3-iJI (ju ^CiLtaXI R mil (j^ill ^jL^VI «V1 JjJo X 6>^ 
jij Vi ml dJjJ . S 1 , S 2 (ju ££LuAI d j <cj j^JI JU^ILtuV jjlXI JjL^JIj ^jjjJJ 

ill (^jL^I J^LaJI (>-ijl 11 ^Lj^VUI jja 




















































CulSj 0 .00015 m (jGSjuuiJI <j\\i iKimil ^^qu 4£LolXI Cuts jJJJ Jj-uJI 4 j^ i— \ 
<0.003 m ^ (jGjjuustd (jGj(j\j 4iLu4l CulSj 0.75 m oj^JI JUiLtuV jji-U JjL^JI j ^j-uJI (ju 4iLoJJ 

.^jioLoJJ (j^llt p j-uaJJ jij JjiaJI ouujl^I 

:JjsJI 


Ay =- 


XR 


0.003 » 


0.75 x X 
0.00015 


X - 0 - 00013 x 0.003 . Q6x , 0 6 m 
0.75 


X= I 0 10 x 0.6 x 10 * = 6000 a* 


U^ight Diffraction % *^ 


jLuujI (j£ Lula jJjlX lk-u gJ jjj LuU <j^L^ 4jjjl j 4 Vi 3 jjUl ^jLsJ Pjo<d laiLmj Laoifc 

SjjAa 4 jju^l 4 4jjjlJ 4 jlSj JS>.uJI j-U JjL^JI ^lfc <jl 4 nisTi uta idj)kA 

«uj 4-ai I j j — 3 jLjjlj— Airy Disk I ^ou j cj^S gjx- 4 j i </*>!> I 4 1 ^ ill 4-iul j j 

.(V—Y ) Js» u»11 ta£ 4 aIUa j 4jjlo2lo j jp.J jfllaJ — JjL^JI ^i£ SpLudV i 

















































j jjlxJJ 4qfi£jLu — Y) JSluJI Lulu 41 iKi4 V\q ^lx jjxxJI (A—Y ) JSLuJI 

<£xui jLuV LjLio jJJ JjlaJI (j\S Ij! jj j jju^JI j.glAj 4^lx 4 ^<^ij.3jLU 4JLusli jjax. ^^Jx 

(jxiSjdlj ^jLUI 

luSIjJjxUuj Ll^XA J^4 < JjXX-llj Jxl Jxll <j-U dXJJ V 4 jI J^xIL jJJJXJ 

.Cal^jx 



4>Jp) «!fltl ^1 OXJ 

■■ ■■ 


«LTiU 



£a JjIxJI ^Jx Sxuj jjJjj 

^lx JJ-ixJI (J-d 4j-OlljJI oa^JI £-jLij 

a l *tv;,,. a 





^ v 


/H* £l*-» 


a I ,U '\a a ^Jjc. j jjl^JI 




:PjuxJI (j\ 4XjLuJI otjMJI (jA HI nVn 

.4xjXxuix ^4 j min — \ 

.juLjuVt ^liij jnSin — Y 

.jLu^a^l jjLLI 144 j juuSuu —Y' 

(4j \ ir\<\ uJ a) j-ubl jJJ (jHju ^4 p j <rf^ll Sjuxi ^4 4 j^5j JHIjjJI £x 1 muj p j <^ll JHIjxa — £ 

.(4xiixa ujX&) (^jHVl J-usl^Xt (jHjU ^4 p'juHJI Sjxu ^4 ^IjjuIj 

. JjjLsu ^xL-udI I jl <>jLuxo £x pJ) <^ll jxxj —o 
.4xx j-o 4S^ PjuxJt <jj5La JlxlLj <Calx.jxU 4xL*JI jXuLuXxJI jxailt ^S> <>X& j — 


T* 


Xx< eiijujaJS 







































i 2 L>.>aJl 


<£4QS JSl isuxij ^Jl jl) pLXLS 4 ju ja^d 4il^ iauxij ^j-ud ^buii JiLilu taJJLC 

4jjI J A-ajlS 3 jLjJ j .( \ * — Y ) ^JQJI JSLulII ^ La£ jj^jlII i j£. j-tuSLUl ^Ut-uJI <jl4 <pl 4 jli^- ub 
JsLtujJI ^4 jl m<i)M 4 jjIJ *Lajl§ jl jjj jl ut^M J-abu>) <Luj-ud 4iO£ jj^VI ia-tujJI ^4 Jo^iLaJI 

.( ^jJ>,us jLui^jl J^Lx-s) 4-u j-ud wtiQS JS^fl 


it * 



4 jj j-iis 4 iO£ Js l ismj j ^Jl & 4 J AillS jjkSl isuuj ^ p is^SUu 


jl ui<iVI 4jjl J ^Lu U) JLLC (|)^ 4-U.H.o 4-ajlS 4-Uj_u 2> 4£QS j^sVl isuxijJI J idj)<LuJI 4jjl J LdhUfrJ 


.J-udlill gjguull LujIa 4 J utViU L*_uJI Ujll£J .90° jLuUj l^J 4 -ajlS ^j£l <C4Q£ JsVl isuujjl j 
££QS isuujJI ^4 Ja^jLuu 4jjI j (J) c 4^j-dJI 4 jjIjJI 4JLddl diA t --i do y<LuJI 4 jjIJ ^OutaJj 

. 90°( a £jLuU 4JJ^j-ud 4iOS JsVl idLtu jjl ^4 jLut^jl 4jjl J LgJjl4j 4^JJ-Ud 


:4JLdJI diA ^4 Jjluj (jjjlS mK\ i 

(2-6) 

< <Lu^ud «C4Q£ JiV) Ja-aijJI jLxuSjI J^Ula n 2 <• 4 ju j-ud £4QS I Jd-tujJI jLm^jl J^Ljlo n 1 **^ 


n, sin 0 c = n 2 sin 90 * 

. . n 5 

Sln<l ’ , = ~ = '" 2 



Jjitoi uitilt JmII 


(j) c 




























4^jLuJI 43Ujl 1I jjjkcj <n 2 —1 





w" 




*\ j^JI jJb <Luj-ui 4il*£ JSV1 ia-ujjJI jjSLa UjjlCj 





(2-7) 


: Sj^usJI 


4ilJi£ ^Vl jauaijU Jg-HraJL, 1 jl uiSWI J^ljLa n i 
. 4J 4^,j-aJI &JJ Ijjl 43ijJLAJ JbtxujJI jLojSjI J-dbLd cjLcul^ dJjJJ 
^Lx-uJI jU 4^J-^JI 4jjIjJI fj£. 4-U £jl£> 4il*£ J^V( JsuujJI io^ixuJI 4Jjl J A-ajlS ojlj Ijlj 

iisuujJI (jaij UK LtuKlM n LajIj <<Lu j-ub 43Q£ JSV) ^jLHI Islxu jJI ^Jl JiLu V ^J) (^11 

La£ jAI (juSjljjj <^ll (j-o ji-u j^JI 4 jjIjJI (j-o J 3 I ^j^kl Jo^iai 4 jjI J ^1 

( J i \ — T JSbJXJ^ 4^-uD^jJJ SjJ) (J 


12Ll^a1 


JSJ 4^ j^JI 4 jjIJJI oixa^li <<_lu jjJI 1.33 j 1.6 p-Ltlj jLcuSjI jls Ijl — \ 


I • X 

sin$ t 

sin 0 c = —— 

n i 


JaJI 




— = 0.625 

1.6 


sin$ c = — 

n i 

0 = 48’45' 

T C 


1 

1.33 


^UliUU^i 

0.7518 




























SE2 








(jA iasLuJI (■ t) uA LI Aa j^JI AjjljJI i_i m^l ^jLuJI JLU>I alia*U CitjLuJI laa^Luxa — Y 

aUI^JI 

J^JI 

n 2 sin 90* = n, sin 0 c Jlw ^l \ V; , t A \ 

1.33 x I = 1.6 sin 4> 

T c 

sin 4> c = 1 x 133 = 0.8313 

1.6 


» 56* 14' 


4^*9 


(jylS2 ( ^ulSouVl LjULuIaj j'**' 


tFiber optics ( Opticalfibers 2 Lu>iiJl c^LJYls Yjl 


pj) t^ll I jl— <L$\Axu SjLa (jA j O <\tsm ‘ x 4 J — ^Luj-us 4iuJ ( \ \ — Y) JS>u111 

isj)<LuJl 4Jjl j) 4jJLlia 4 jlK CiLluKxM ^jLju Lg-jijjo ^ 

.(> Y-Y) Jiu.^kV< 4ijls (> is**" ^i 1 ^ 1 

if 

IgJLd LjLO ciLJl I (jA 4J jSLs &dj^. (\ V'— T ) JSLuJl 

(jSwOljj L^JI Jj-udjJI i, it i^n Jl J^u i^k upLluMJ 4Jj14 4jj-o 

.jSjj jli pj-uaJI Jib J L^lJjkllxul 

if if ^ 

.1 j-i-tS LcLlI^I I 4-uj t^ll ciUJVI ^4 -Ijj 

4 i itnll J jV I ^ JjklLxU 4 j j u*n 11 jl 4-bj <^ll ^ililli 

^4 ^Vi»ri ^Ij (\V'—Y Endoscopes 4-^laJI ^dslUl Jia 

4jl^Ij^JI Cif ilnn I) pij^l ^4 ^jjklLuu Lo£ ftnll 

CiVl uViVt ^4 jJ-iill ^jjklLuij La£ jjjlUI ^Lx-uj ^1 j^LLujLj 
4-Uj-ui oLl^lpj ^Jl 4 juj^SJI CiI jLiVI Jjj^j 

.^Luj-uiJI cJUJVl (ja JjIS ^4 

iLu yJi> cJLiil 



^JLt wJbJVl 

ciUiVl pLjl&I fkXJ ^UljIJI 


•‘ ) 

> l^L * V 


















































^ vJLJf 





' r 


eSLJYl J^jij * luS 


J)£Lj *Gli tj^VI cijlaJI lj-uiu 1 n ut^ ^jjJ Igaij-b j^J ^ LjIsj j<<Ci*Lt-ujJ <jl£ I jl 

. a ujl^. II *ujj jSwaj H Aj j-u’^U pLUjI cj j^. I jl LaI.cGjJj 

LuU ju^JI ^LjuxJI jLuLd job I jk ^LuiSlc LI j-o 111 SsGjJj (j£aj ^JuS aJL^JI j 

^Luxi Isjiuu ale *Lujj^Ji ciU^I ^1 j^Luil ^jSLj JiiLj .p l5 -iAXI ^au^JI ^LJj ^JL^-H <>ja ^ibn »m 


rt 


Y* Y* - Y* ^ 


Ju«Ji ^UJ^Uf 




























SE2 






- —-- 

(jjj <G£Us •<Lt-ujJI 4 jJ£ Cl! inK«*il ; <Gls <L^.AjjI jjl (jjj jjSl is^sLu AjjIJj ^Ja 

.uiUlVI aLujI jii-j j^Vl uijlaJI 


: (jj& bfcl I j (J-aJL^l I: Lu U 


Ijj oUa ^jli 42° pl^Jlj (1’5 )^jJUXI d jLo^jI J^Ula 3^-j^JI ^ujl J-ll jV I 

Ijib Jidj.180 jl 90 jl jAai <LljjUla jjjju j* jUlixuj (45*45,90) jLjI jJ ^L^JJI ^ UjMj 

CiUdl jjtJI ^J^klLuiJ ^jJI Periscope ojSUiJ^uJI <J1 a 4Jj t^nll SJ^VI Q^*} j* jUlixuJ jj) mVt ( l 

.(^ i-T) jSui Binoculars jI jjAI ^aKUa 



(JAiSUJl jJ) UllX 1 


.(SIji>l jl) ^uSLjlII ^jjjlXI ^ja-aiil ^IjUUcul ^a Ju^il jJlII I jj oUXI ^Ij-Uixulj 
jxiSLxJI ^jjjlXI gJUmJI j^l jjj (jl jjLjJI j .UK UutSjul jj uUXI juStn pj-UJI jV:Vjl 

\ * <GjLK ^-Lu (^jJI 

Jjla cj Vj <p j-UJI (JuSjlI cUlLLs JAji <4jIjlX jl Jibjj a jAflj LX 2j jjlXI ^JsluJI jJlaj :LuLa 

(j£Ui JSJ J < jJ m lXI (j-A j l 4jjU J U jlili Pjo^JI ^A A-Luu jl Ijjj*. jl . jJ 4xUXI I Jib 

^jjlIa jjVl Jjjjii Jjla ( j^Klx j-U ^jl5j frLuJu *Lla ^jUj jl pj-^JI <Ua JU jj ^jJI ^KluJI <UU*_u Lfl ijj^j 

.(^L^JJI jUKjI JaLjla ^a J3I jjLuKjI J^Ula) h mncLXI 



































- 




: : bill 


jjjj 6^ Ujlus L^jjJj £Sbjj(3jljjxil 3 jjj-oi) 4l£jliLll ^bVl 4ijiLd 3jj&Uo ol j-uJI 

Oxx i^j\ *\ is>\\ IfllilaxM * (j£bj US j <(l \ 0 — Y) JSlu pLXL ^Jhid ^jlS ji US 3 jLluJI ixSl jJ ^jjJjJbJI 

J)iaJ J$X1£,J (P m '^Jtlui ( j£ r jxjlSJuVb dij^j ^lill jj-ufiJI dLljJ 4fl n ui <L»jliLd I jj-u3 J Mill I jl J i Vi H ^ jj 

.(cj ^ ° —T) JSLuj PUI jj^j 



Jjx jj ^jj pijxxdl ,^S pLudl (JjISjuI 4 _LLlj jjjj 3 jfl nil Jjbll 


pU 


l ^Jj US 3jJbUbJI JJA j 1 j 

JsSi (j-3jVI gJUuJ 4SxoMil 4 jSI j^JI ol.4-i.KlI 3jljj jijjj 3jljxJI 3 jj j-UI ^bV 1 

bladl pij^JI oLSjla jLloSjI oMjLaj <jjSj <jl dJj ai jjjj .UjJju ^jJI olibbll 4ilxS L^jibS 

^ * * * 

^JLsjjI jlx ^bulll I ja (jb MU 4 IV 4x3 ^jx I jjLus Lu j-u3 lx bull \\% \T\ I jl dJxl .Lfl^j ^jJI dJj <ja jjSf 

. j jxjlII (j£. I jjujx j " 4< \; 4 4 ^Ul 4Sxbll I 11 as tUII ^ a 

4JLSjjI pLjjI £buiJI lSIjJXjI jljjJ I jSAj .4iljXjl jljjJ Igxlj ^jJI ^Jl 43 itnll JJA jx 4J13jjI XXJ 
jjSl OlijJbJI ^£jxl 4io jLuj 4jjI J gxuaj U jlxj I a |jbux UUd .4x11x1X1 *1j^JI oLLkb JMx 

Ijbxd Idxld ilxlS LujISjuI ( juSjljj ^j jxlll £bulll <jU <lgxxj ^xll 4XJbll 4 1 aixlb j-xil 4 jjI JJI £jx 

1x5) J i 1 j 1 ufij (^xll ^ bull I jl JXdl ( ji£. 4 KMt 4-dS Sjjxo (jjl ^jJI (jodl ^Jl J-uXJ ^lcl ^jl lVl^k*ld 

.pLd dlX5 jl Ljsljl) (jbli (o \ d —Y JS-1) 4 j jlld l^jjj-us 4 jJj jaaiJ 































j uiVn ^LsuiJl I jJb (jli jjj uui» (XY) 4^^JI ^JLc (ab) ^UuxJI J 1a ^Lxjlu tnsi mj La jit 

Souu jJI ^Jl ^ 1 —Y) JSbuJI ^ La£ (XZ) 4^ jJI ^it JaiLuJ (be) jLuAI I j-i-La jj mHI J-kl J 

.(cd) dbj^fl JjVl 

JjNM 4^, jJI jit LaAI J^l <(ju j-A jjul&AJ ^jMUI jJ) mMJ J t^ll £bu£JI (jl JSbttJl I JJb (J-AJ 

*Ujl J ^^Jb 4*t \* n iujlJ j ajLoLd ^buxJI cij ^\ 4 ell jJ 4 ^ 1 T 1 j (XZ) ^jllll 4^jJI ole (XY) 

.a cil 

iaSLuJI ^LsuxJI (^jljU (>j Sjj) SjLaJI ^jjlJJI ^b : Deviation Angle cilj^i^l j 

CT 1 ^ 'K* S - tuJI jj 0 i ( 5 ^ JiVl 4 a$ 1I jit jLuSjVI jj 9i j Wj 

:^Jj La \ 1—Y jSbuJI A-uijjA (j* Cfl-pA ILLU < A jjmiXI (julj Jj 0 2 ^Jb *Ujl Jj cp 2 ^b ^jUD 



^jMj j^juLlla p j-uiit « Ului jLuta 

a = (Oi-0|) + (02-^2) 
a = (0i +02)-(0| +♦: ) 

(180-A) e iu^ljJI yUyULajlS cjb j27i^Abxce JiuJI L»l jj £1 

: jls dJj j 180° LljjJI £ja^« bee &lit,l ^j 


0| + 4^2 * iHV-aw-X)** 


( 2 - 8 ) 



a = <h + 02* X 


: jl ' (3-8) 4JjL*Jt,l (_Jj^jLULij 

(2-9) 


^cii^ai^ii *b 




































j c5 -l£r A° <Lui1 J J jJ) Ul'\A Lit *Ujl j jl (J-UJJ ^SilxJl diA 

.(j) 1 Jb^LxuJI 

*CjjI J J-usu ( 5 ^ isj^sLuJI *Ujl J jLjJI U^jjjj (j^SLuj ci b^»Vf fcjl j (jl o^? 1 iloC 
jbjjVI cil j^jVI *ujl J j^Lj sjju < cil j^j^U ^ j.*. >aI 1 <£jL$-UL ci jju (jol$ ^Jl cil 

( W — Y ) JSJxJI US is^LuJI j jLjjl U^jjjj 

LajIsJJ 1 uloC (jS^J ciluni) ^jL^UI j 

J *®2^^o =u^l 

V 0 |**2* 0 o 


^ 9j ^r# J j 


(JjAjLG IgJ wJf J^j^l 4Jjl J 


^ US (2-9) j (2-8) jUSMaJI Z} ^ 3 


A*2^ ( 

0 = — 

o 2 

a 0 =2<» o -A 

*=5l±A 

2 


sin 0 
n =- Y - 




sin 0 


6^i 


fja jOLjj uil jAjMJ (_gjt i^ill cUl^jJI j jj .t.*./>II jl ,..<•,VI J^Lxa (ji Jaj 04 (j) fj£. t _^ajjt~ilL 

:iaibLll 


sin 

n — 

<*»♦ A 


2 

. I A) 
sin — 

l2j 



( 2 - 10 ) 



































j-gJUil LvJ j j.lLi 4 JMLa* f^LSuli jiuxA ^jju jlj : ^Uj^J 


:4->^iKU Cil j jVI 

.3 jlouUlA — (U3 l1A — (jOJjLj — 60° <L<xil j *Ujl J jJ) JjiillA 

: J^jlII Caljln'k 

MjL$ (ab) Lkk* ^lxu jlj jj m\U jjuI — £lLUI pL-uam <Gajj ^k jj AHI £-ua — \ 

^ jlajf c 4 jl>3 c j jj uViU £_ub .<Lu.x^ id^L uj Jj Ub^Loi Ixbui Jiaj jj4xui>l ^(} ^j ^-k 

jiaUlj 3jisuu-o j-ubjl * jajluLjJL ^QljLLfauVL (cd) £jL 3JI £buxJI £-ua^a j* JjliLtl c-uL^JI 

$ 

aiL^ 31 jL^a (cd) liak. ^lxu jl jki(ab) iaSLaJI £UuaJI 3jj-ud jl jkal ^k 3jla-mi,l 4il^ ^UbtAi ^ * 

. JjVl kkJI 3jj-ua jl jlal ^k, jib iakJl Ik jl jki < 3 jia-uxtl 

jLuLa (be) jj4xui»l jijl — Y 

<> (abed) ^ ^>usJI 
.<LuLj 

^lia* <dalaliml ^k (cd) ^jLkJI ^buxJI x& — ¥ 
abjIJJI (ab) iaSLuJI ^LjuaJI jlalial JjISj 

(\ A—Y jSLui) a cilI *ujlJ ^ i * j *♦ * * 3jj) U 

jLuiSaV I c (|) j ky<LuJI 4-JjlJ (jA MS (jxtS — 1 

‘ <j> 2 ‘ Si 

a usI^VI ajjljj <© 2 


^U-ll Ijjrf ^ >*■*» — > ■ »»» 

J >.»J >V< 



^jMj J^UXLXA PJ) 11 f- Ln -gj j Lu j lo 


Jj Ja^. ^ ^jQUI £-udj id jJLaJI *Ujl J j uJLjj CiI j-a 3j£ ^jjLaJI J-ajdl jjS — 0 


a cil 

0 2 

Jaj3 mil ‘Ujl j 

(|) 2 iuli>.IJI 

jLuiSliVI 

0 ! 

id^LcoJl 4-ljl j 

♦i 

A j^uiUI 








$ 

.1 doc ^LujIsJlI ^jikJL» ^jLHII ^jLbj < A< a^koS uLadJ (2-9) j (2-8) ^ j^kkxul 




















'ispersion JjjJu 


3jLs jl ■“<'«* JjjLx^j (jouj i_sl jajMI uill 4jl$jJI Ji <GI iGLiLuJI 3^aill I'i-^Vi"..,,1 

: ^UjlII (ja jj iti'iU 


sin 


<*,* A 


n = 


sin I— 
2 


. j^j-JulIXI (jxil j 4j j IJ A i ^ilJ^I^U ^jL^UI ^Jb ot () tjj)m\11 djiX jLtu^jVI (J-oLxa n o. 

^jL^UI 4jjl j «LaJL§ j-lXJ 4JI-UJ jLuiSj^l J^ljLd jAX J <jl (jUJJ Luli &Llj jJ mUI (julj 4jjl j uV I>i 

(juSjdlj cil^ jL^UI 4^ai jl jJj jLuSiVI J^ljLd 3jljJ-ii cil u*>II 

JjJbJI uiSjjj n jl u.^iV) J^lxa uV 
jJk-uaJl ^jL^UI 4jjI J jU ijjiVijl J^Lk jUI iAII 

j^jjlUla ^lfc nl ^Ldj^ CitaS "« I jl dJkl 

^jGJI pj-ukJI jli ciljJk-uaJI 4 jL$jJI £-ukj ^i L^a 
JSLuJ) ^ ta£ £ijjxil v SulaJI <jljJI ^Jl jj mUI ^ 

("-<) 

jj£l mVnll pjo2JI 4 juxiI jl (jux» JSJxJI j 

frj)i/^ll Ajuil <(jjSf UjLui^jl J^Lxo) tilj^jt 4 juxiVI 

. (jX.uaI Lb jLcu^jI J^lxa) til j^jI AjuijVI Jil J^l j^^VI 
^b (jaajVI Jl 1^-iJI (Jjilb ^Ul jil ciutaJI jl^jlj 
: ( <G^Jl jj-ulHI (JajIj 4^. ) c-ui Jl JL 

- (3jjVt - - jAA.Vi 

X3>x<jl ^LOAJ 

[JuIaoJI JsjI jJ! ^ j-sAoJl 43 



v jblaJI (j \jjl jj.uu.U 




1^1 Jy^, 1 










































LIjI J Jj Cab^jJ Sj£ jjl VVi V S jjJlmd dual j *Ljl J ^b^JJI jj-wllo 3 jLlC jib 

: ^MjlII ^j-o y ♦ jj mUI SjLa jLui^jl J^ljLd jl (^1 .cil^ jL^UI £-u 3 j j, 

<**► A 


sin 


n = 


sin 


A 

21 


4jj|JJ| aAiSI LjLatd JJI ^^ 6j^? ‘ 3 jAJUlg bljJ ^A 


A_ 


2 

l 2 


sin 


Orff A 


A 


oV •S^i 


■ dJj ^-Lc_j . (^jjljJI jjjiilL 


sin 


A 

2/ 


s A 
= 2 


dJjSj 


£i'UJI ^ juuj jJI jj mUI SjLa jLui^al J^Ula <jl j^j &LaLudl £3 MjlII i A j* 4C (j^LajJuJbj 


_a 0 +A 

“A 

(2-11) 

a— A (n -1) 

(2-12) 


:£uVI 


dispersive Power ^jill tjjjjiuJt 3 


tdA jJJ ^ijjjai ^. 4 iKll jljJI ^Jl pj<^ll liA Jjjilia jj-ullo (j^t-ul pj-ub Isjiuu jjlC 

4jl^jJJ LgJIjlsl bt-u jbu^jVI CaitdbLd ^Jl 

(a 0 V= A(n f * 1) 

(a„)b = Ad^- I) 


<GjLp jLmS>jt J^buo n b (I p j-ua.il jLo jl mSM J^bu> n < ^jlSjJI jj uuJJ j <b jl J A Ojl^ 

•lijjVl P.^laU 



»b>h«n 































(2-13) 


(j jl 


(a„)b- (a >} r = A (i^ - 


PjaAJJ 4 \ utMbj i jjjVl (j^xLaUxJI (J\J (^jlJJI 4 jla-ou La j-lujVI uSjJbJI JIaj 

3^' j ui* 2 cs^O j^®Vi 

(a„) y = A(n y . I) (214) 

(ot o ) b ( (0C Q ) r isuxijUa (CX 0 ) y £ajL£ I jU jJ-ulIXI SjLa jl uiSM J-aljLa n y uin^k 

n b < n r Isluj jla n y jU 
<jl *LauaSJbj 

(^«)b“(®«V_ ^|j * H r I 

"*-i5^—= -JJ7 — < 215 > 

■jj.udU (_>u1 j 5 jjI j (^k. LisV L»S Dispresive Power ^Ul Jjj&JI 3js to a 
















(jutSjul UjjIS • 

j ( > ) 

^JduuJI ^jJa b yi-uJI (jA ^liXI JJ ^ JlIIj jJJ <AII ^U-aJIJ <id£LtuJI j-udJI ^Lsuxjl ( Y) 

.(JoSLjlII gJb-uJl jl^I j (^jjjxLd ^uSLjlII 

Pju^dtll 4XJ-UJ ci^ULkl ' « 4 "* * J^kl isuuj ^Jl Jh-tuJ dJliuul JJl£ d jLuujI dLi*jl Pj) t^ll j_Ju • 

:^Jj U djl ut<il * j-uiJI ^ \ ij. Vj Jj^fl iduujJI ,^J 4lk ,jjxi (3^ V 2 ^illll idLtujJI 

(jj ^GjIj 4-Luu ^jLUI idLtujJI 4 j j IJ l,ua I JjVI id-tujjl id j)4,uJ I 4 j j IJ i,,ua 4-Luu ( ^ ) 

j-djJU l^J j-0jJJ < LUI idLtu jJ I ^jJI J^j VI idLtu jJ I ^j-0 ^.uuJI jLui^iVI J-oljUi ^mU < (jUduu^gJ I 


sin 0 

l n 2 = -T 

sin 6 


I n 2 


^jLUI idLtu^Jl jLui^VI j 0 < i^LUj^Jl id^LoJI 4 jjI J (|) O 

^IduaJI ^ i£r id^sLuJI 4idk^ ^Litl j^ jlII 3 jouSLjlXI (^>11 ^Ljt-uJIj id^LaJI I ^LsuiJI (Y) 

. J-udLiJI gjguaJI ^i£ J-dJ J 1 ££j J-udUJI 

^Jl JjV) idLtu jjl Vj pj(^11 4x j-uj *Lluu ^jLUI idLtu jJI ^jl JjV) idutu jjI ^ I J-oLjlo • 

: (j\ (j\ ^jllll idutujJI v 2 *j-tiJI 4x ,jjai 




,n 2 = 


Vj 

V, 


.(jUduuJ (3y ^J.uUJI J^LjlX SjJ-ud di^^J 

c 

n — - idLtu jJ ^ lint, I jLui^uV I J^ljLd • 

.idLtu^JI ^AXr j_uj ^Jl ^1 jiJI ^ >a!I j-tu 4 1 uu (^1 

jdj)4-uJl id-tujJ ^ildiXI jLtuSkjVI J-oIjla cJ j-ud JuLdl^, : ^lfe (J^*n P j.udU Jjluj • 

.jLu^jVI 4jjIj «,-,u-dL jLuiSuVI id-tujj ^jJhjl jLtu^jVI J^bLd (^jLuiJ idj^LtaJI 

n ( sin0 = n 2 sin9 


^CJl «k*71 













(jA ((jGaUsla J,i (jujjmfXA ) (joij (jCLJlZLo tjGiAA ^1 (ju <£iLudd juuj ^-u *u j^j • 

: 4£^LftJI 


Ay = 




3JUI (gj J^LaJI j oJLiillxuV jjlXI JjLaJI (ju ^CiLuxXI R < ^j^klLuxXI g-j.uaJI J^b X Ojl^, 

.(jdLuJI ^CiLcui.1 d <^gdJ-U 

. 4Jl^ d£ J) tAII • 

bum jJI jLuiSjI £jjI J LgJjlib j-ud iCiQS j^sVl isutijJI id^L uj *Ujl J : <L^. J^JI ^Jjljil • 

90° Ujl jsLa 4 ju^ j-ub <£iLiS JSV) 

isuujJI Ipj,udJI JL3 jjI jk 4j 4^j-dJI £jjlJJI <-,ula ojiila (^jLuiJ bum jJ ^1KXI jLuiSj^f I J^ljLd • 

•e. 1 ^ 1 S' is 1 1 


n = 


I 


sin$ c 


ibjljjl j^Sl <LuJ-Ud <£iQS jaSjfl idjxijj) Pj-udJI byLm *Ujl J £jSj ladifi, : ^JSJI (JxjLSJuV^ • 
LujISjuI J-udUJI fdnju Jl JjlC jn^\) Lajlj 4djj-ud «CiQS JsV) la-ujjjl ^Jl iiLu V 9> J) tAII <jU j^JI 

.ills 

.^JSJI ^ulSJU^fl ^jjla 5jJbtid cjlj-uJI • 
A = B| + ^jMUI jjuui>l j *Ujl J • 
ijA {juxb^ £jliJI J iaSLudl (j^Lxddl I alia I (jU Sjj) djLaJI 4 jjIjJI CX eS 

:325Jjl1I 

a = (0, ♦ 0j) - A 


^ulj iujl j A < j 0 2 < j Cp, £». 

: j cil j^j^J f^ll ^jL^UI £-udj 

♦|'V*« 

•i*VS 


■ «. 


y>t>- t>u 


N 






^1 ±*i\ 


















: (j-o mM,l 3 jLo jLui^jl juuj 

. | a<,+ A 


7 



.jj umU ^jxjIj j A < ^jJt-uaJI ^jL^UI j LitJ oij <jl ui<iVI J^ULd n &■ 

: £y& (j-iSjJI jj-uHXI ^4 cil ^joljj • 

a,= A (n - I) 

e 31 -* <> ' .'“‘x 1 3^' ^ • 

(a„)b - (a*), 

p-l ja^JI 4juiVI cilI 4 jjIJ (oi o ) r <*13jJJI AjuiVI cil j^jI *ujl J (oc o ) b £ 

: (5^(00) a 5^S 


co a s 


to, 


U S 


(®«)b* (®o)r 
(Oo)y 

"b~"r 

n y - 1 


•3jj^ ( 5jLa fjA n b 

. j a > VI jjjil jj) in 11,1 SjLa jl ,■•<*«! JjjLxji n 

,jjU jj iti’i t,l SjLa jLuAjl J^Ijla n 




















.4jl ^ja 4£^ pj (^11 jb J^sLII I jLX — \ 

.pj<^ll J^ljUl 3 jAUd L^j ^-u3jj 4jj^j —Y 

.cjl j-tuJI J 3jib 113 j-mS —\* 

: <j-a ilS ci ^ — U3L3 

4Jjl j — 4^J^jl 4jjIjJI — isutijJ ^3-lKtl jLu^jVI J^ljLd — (jUslujj (jU ^ 1 mMI jl mSWI J^bua 

.cii^^n 

: £JQJI CjIjLlxJI J^I - liilj 

43Mjl1I (ja £jjlII (jxiij (jGjjl31d (jTiuft (ju 4iLuAI <juuj ( I ) 

jA Ji*u j^jla (o) 


^uISju^I 4jjI J ^ jj£l isj).<LuJI 4 jjI J (o) 

*uL^J j -^.jj V ( J ) 
.(jLu*J^I 4 jjI j 0<«b^Icoil 4 jjI J cj) c 

.(jUsutljJl (jjJ^J 43jU (lj) 
.Lftjl J ^Jl jJI (jA JSI CuLj jlji-J ( J ) 


italiUJI <3^j if* (-*■) 

5jU ^ ( J ) 

>~% u*»l) jl >" < j^Lal (%/} ‘La'^s. — Laul j 

: (jj^J p j <^ll (JuSjljj [axis. (\) 

(ju ISJU^fl 4jjlj JSI h> y<LuJJ 4jjI J ( I ) 
jxiLSLxj VI 4jjI j = jpj^LuJl 4 jjI j 


sin <f> 

) 4 \ utMl / j &£j £ ft <^ll ) uiS*ii L>j-lt (Y) 

y sin 8 • ^ ^ J v y 


(jUrmi^gJJ 4 jj0 4 \ nn ( I ) 

.Lftjlj J^ljJI (jA jj£l CuU jloift (-^) 

: ^jlill iami^gJI jLui^J^I 4 jjI j i,i t"\ Jl J^VI jguu^gJI Ja^mJI 4 jjIJ li 1*\ 4 \ uil (Y*) 

. JjV) la-ujjll JgibJJ jLcoSJVI J-ftljLft ( I ) 

.^jllll huMjli Jlfcdtl jLui^j^l JftlsLft (o) 
. V I iflmi^gJl ^jl ^jLUI isuujjl (J-J ^ \ UlMI J Lu>StJ^ I (—^) 

.^jllll Jouuj jJI ^Jl JjVI JbtxujJI ^joojJI jLu^jVI J-ftbLft ( J ) 
























n, 

sin 

sin 0, ^^ 


:^jLtuj jll 2 jl mS'i VI JjaL*-a ( t ) 

n 2 . 

zr(') 


n, 


n n, (^) 

:jj -3 t_slu*>H cUl^jJI j j ni'i a SjLa jl mSM J^lxa jouj ( 0 ) 


sin 

a.»f A 


2 




u<> 


sin 

2 



(-) 


sin a D ... 
n = —— 0 ) 
sin A 


sin 


n = 


a,ff A 


sin A 


(j) 


n = 


. oto+ A 
sin (—-—> 

/A, 

sin (y) 


Or) 


: <0^bdt Jjjijjjl jj iti'i t,I i»i i^Vi (i) 

a„= A (n + I) = (jf) nsA(a 0 -l)(u) a„=n(A-l)(») 

a„= A (n -1)0) 

jl ••»<*«VI iujt 60° Jaj<i mil 4 j_jI j CulS I jli (jUatn^g (jo J • J * ,a * ^tlsuu ,jJ.a mj £la_ui (V) 

:_gj$ JsuujJI ^jJI j/VI iaxojJI (j^ ^ ‘ • • • *»H jl • •<\yi J^Lxa (jU 30° 

1 


2(j) (+) J (v) V3 <*> 

jl inS'il Jalxaj (_ja "*M <U" ...* ^ d_^jl o^l ^lc. 48.5° «U_gl Jj t-i§ «ij ^^jJz £la_ai (A) 


'iS^ " 1< *‘* 1.5 <GjLa 

30° (o) 20° (1 ) 

4°° ( j ) 35° (^.) 

(^jLou «UjlJJI ajJb (j\ jjiVtU ^sl jaj 5U (^jojOJ aui^aJi (5) 

:^gA cGjLa jl mSM J^Lxa (jli 58.8° j j iti 11,1 ^ul j iu^glj C*jl£ I jli 48.2° 

1.63 (o) 1.5(1) 

1.85 (j) 1.82 (_^) 



■ JlaJi * 




































■■ -. 



: isutujJI I Jj& jl mSM J-oLsuj jLi 45° imuJb isucujJ 4^,j-^JI £ul£ I jl ( ^ ) 

2(“) l-M(') 

vr (,) i.7H 

<ui pj (^11 cil4 j jl J (jjSij 1.6 <GjLa jLcuSjI 5° <Lcul j ^ ( \ S ) 

6°(V) 5°(1) 

3° ( J ) «°W 

(jLi 8 ° 4-ujI j 4 j j IJ Cuts I jU 4° j I jlsla i 4 ulc ^Ua^LuJI *Uj j <^ll 4 juaj VI j^j j j^ao-lo (^ 

: 4jjL$ jLtu^jl J^Ula 


: c^ 


14 (v) 
16 ( J ) 


1.5(1) 
1.33 (^) 

























iLift! Sdb^l 



&SLJI 

ijN cM' 


















8-ilj-U 


auA Jl aa^gJI 


'<USLJI QaStp 


lJLJI Jj=uUI 


: --44 JLmJI 


*UjLuJI jl jJJ £jljJJ J0*1 ml ^JUIL J <cjLluuVI L^j j j4j Jjajj ^1111 jljJJ £jljJJ (j\ 

i^\ JjIjjxJI j*jliij Lulu <lal x <<ViU] aJL^ILlLU ^4 JjIjjxJI Jjlajj dljliJI jl .^jjUUIj 

Incompressible laLLuaj^J 4 -LISJI ^j£ £jjLliujVI ^j-^JL JjIj-uJI jjlajj dJj j <Ljj^4j ilc ia4_us 


.<u£ jj*.jj jJl^. (^1 Jjuiu dljUUI jl ^4 (jOLJ JjIj-ulLI jl Lo£. 


*Z)mszY);2t£tj£fl 


^llojJI ^4 Ljjj^jj aJI Sj^j aJjSj ci j-xjj p JjjJLj l^J Jj jjj <SjLa AjlujLcuI <LmaLk 

•*g/m 3 ^ ^ Jl 



(3-1) 


•cSj^' 6j^' ^ -' 

.CjIIjJ^JI jl CaljjJI Ju 4 m nil 4iLuJJ I — T 

.jj^VI ^CiLj^JI Cal j JjI j-uJI jji j4Lj S<^ll 44 LjSJI Cal j ^Lui^VI jl <Ci jJlj HI jt ui o4j 

.4juLuJI jl jJJ (jHju ^CiLiSJ A-HjI ^JLUI Jjj^JI jj j 



























L 1 







#JU> 

4 M&J' 

mU* 

kg/m 3 

kg/ra 3 

820 




13600 


2700 


1260 


8600 

>—Vi ^WJi 

1000 

•a* 

8890 

ja*V* ^bfcJ* 



2600 




19300 

l ^‘‘* t 

1.29 


910 

(jUJ») juUJi 

0.76 

ji& 

7900 

1 

1.96 

JU^ ^iG 

11400 

_«*l—» jJ' 

1.25 


21400 


0.18 


7830 

l.^tl 

0.090 


1600 

j< -t> 

1.25 


1800 


1.43 






790 




900 

Jo** 3 ' 



1040 

(*jj» 



690 



.3jLU <XjllouJI ^ um \ SjIj-^JI 4-^jj (jaij pLXI 4iLi£ ^Jl lu 3jLo 4iL£ 4-mu ^lbjj 


4jlul 6 3jl4 a, jj 3jLU 4ilii£ 

3jl jjsJI 4a, jj (juib pUI 4ilu£ 


3jLX 4-u.uu.lI <CiQsJli 


(3-2) 


4jjjlo 3jl ja 4a jj 3 jUJ (ja &jla ^ ^ 4J3S 
3jl jaJI 4a jj jxiij plXI (j-o fjxiij 4J3S 


:4UU- AikAJJ 


3jU ^juuatlll itiLsJI 


3jUil 4 i \ utMl 4^1uSJJ V QUjLaju (jUaaZ (jU 4-mu 3 jLX 4 11 mMI 4iLiSJI uV 


.(JxiLlS qIjaj 


j* jaILuu L^jI Ojla <4uJLlLa2JI qLu4j.1I ^£JaI ^ju jnil Ojla jj£ 4 jlaAI 4J 4iL£Jl ^juLS — \ 

JSj 4jjUajJI <ju 4jj j^iJl 4*1^ mil Jjju L JJJti .3jLuaJI 4JjLLjj ^JjJjjj^JV I Jj) 1 ^ 1.1 43 L£ (juL3 
jjl ju 4-lctij -LlujjSJI (jAaa J^LujI 4 ^\'\\ 44\u dbujjjS ^jjJjjjiJVl Jj)l^U 4iluS 

^IjJI <ju qLujjlSJI qLjjI jjajj 4jjLLJI ( j^jui 3jlxl jJI qLLjjS <jjj5uj jJI 

(^ju JVjj-ujVI 4ilu£JI (juLS (ju (jSuj dJjjj 4iL^JI jl jJji <^ja 1 3ju JjIajJJ jjjuj ( j^LusjJI 

.4jjLLjJl (J^JLU 

































. j ^ jJI *Cib£ ^jlxJI <£ib£JI CalSojJbj bbul j* jbbxula — T 

dJj Jj <Gab£ OjI j I jU <1060kg/m 3 ^Jl 1040kg/m 3 £ju U ^Ua-ulaJI £Jb*JI ^ jAj ££bsi 
^ jJI jli i j^2 >ja ^jl jjbuu I iAj ^jJl bM-k JjlS jla ^lc dJj Jj dJj I jIj < jlJ ^ jJI b^Lk JjS jla 

.(Ua^Vl) 

^Jl (^jJj Ija <£iLa^l Jl jk I SjbJ ^Jl (^jJj (j^lj-^VI (J^lsuj 1020kg/m 3 ^a J^jjU SjQxXI £ib£JI j 

.JjjJI 4ib£ 4-blib SjbJ 


.4pi3MI cilia ^U 4 ^ M CaL^LuJJ 3 J^j La J3jj JiJ £ta-uijlaJsl 3jiUb :^Lb^j alt JbJubJI cJjJU 

(j-a (jUUJ gLh-iaJI IjA jjJil (P) Jbii-ubJI jli (A) <Q^baA ^druut b J (F) Sjk Ca jjl I jl clljJ 

(3-3) 

Lgj (juLLa ^aJI 3j^jJI jU jkXb 3 j Jib (A) A^LulXIj Jjjj-uJb 3 j Jib (F) JjV I 

.(N/m 2 ) £*y>jia /<J*£P (^A tit ' < *>1 1 


<Lu I jj I \<L& jJjla 


S^LujVt ^JL9 jj J_cdlt |»JLi 

,jLs .^Ul 3 j^j 3^Jl tit nil) (jV 

jj Jj tit nill (j^ jj£l i_u>M 1 ■* < ^ ■>■ «"*» tit i lilt 

i_u J-U ‘ «»<H 4-tl mrt (j V <(_JjVI Jjill ^JS <u 

.(>-rjii) iulAU S^Jl^ 



F 

p= — 
A 













































^ , 1 * ^ ,^»tt 


3 j-a pm ^h-ui ^Jl jli <jd£JI 41 h? (jl J^klLujiL^jS jj pit I ^Jcluj CtAJ (jUiJI 4 t h? CiX&J I jl 

pLXI hi (A) ^ji t 4 S^sUI ^Jl 5jib 3 jjaLXI (jUAJI 4 th? ji jj pLXI <jl ^-u3 jj I jj&j <^LuIj 

.4th?ll £JJ& ^-Lt 


P*A 


pdA 


pdA 


\ 


-Li 


", 

»•'* fr 

"> 1 


mg 


pdA 


I 

I 

-*K 




A*~- PdA 




T \ / 

Jf v — ^ K 

| pOA / > 

f b 

JjLuj JaI j hi, u*nU 

^h ui ^ic, 4 JJj&£ Jj£j JjLuj JiJ J hi-iAJI j£ 4 j-cuLjJ! 3 jilt 


hi thll (j£. 4j-ujQJI SjAJI ^L^jI j ^L^jI ^1 hi <hll jjJj (jl (j£aj < JjLuj Jjhb 4h?j ^ I jifc j 
(j-o j\^ ^ ^-Lt hi (hi) 4.m?j La j\ ut^ ^i£r hi (hi) JjjSLaj .ghmJI ^lc 4 j Jj^£ Jjj£j £h*-a g-h-tu 
JiuuV 4 jJj t(jbj§ 4 jlU. jjjp * aju^JI (jlSb JjLuU jtS (^jJI JjLuJI Jjl (^1 .4jl5La *■ ujl^JI £_u3 jj ^J jJ JjLuJI 

.(r-r jsui) hi,hit jij JjLuJI 3^* j j ukj <4j hj^u jslji hJuh <> ^qji SjAJij 

































iaXuAJI jlj JjLuJI jlj LaiS 




JjLuj ^Jauu ^ * (h)m fr* ^ ( A ) m 2 sG^Luta j (j £.jjii (P) JbJu^JI oLujl^Jj 

|P *LuJI Jj^jlI 3J&U& £jJJI liA J-aJUj <(£—Y“) JSJxJI ^ LaS p(kg/m 2 ) cGillS 

(X) £jlll JjLuJI Lgj jjJj ^Ul SjUl jl djJJ jl IViSa i 
(jV< ( A) *L*JaiLa 4^Lutaj (h) 4xI£j j\ JjLuJI ^a UjJ L^jkuu 
^LadOJI 3^1 jU ^Incompressible isLLuij^J Jjlia JjLuJI 
.(h) 4xlijjl £jJI JjLuJI j( jjj ^a JJjj (jl jjV JjLuJI Pi* >A> 
jLluj JjLuJI 4J3S^g i Ah (j jLuij JjLuJI I jJb ^^^ jl Ojl^j 

.^lSMjlII ^a (joljj Jj j_u F JjLuJI (jjj jU <Ahp 




: i 

M 


JjLuJI Jj*a,fc Pft tP oLujL 2 k 


F g = Ahpg 

:<iujLaJI dKr g(m/s 2 ) Cj 
:iCij^LxJI (X) ^lc. P JjLuJI k* ■-*> J* * jujlc. 

F Ahpg 


P = 


A A 


.’. P = hpg N/nr 


(3-4) 


<h 4 jlPLj ^4 &aSj 0J£ JjLuJI <U Jjjj (^jjl IsJLu^JI *LaJL§ <> JAj 


»Lt>J 









































—- - 





^JSil iaxuAII (jls P Pi» inil |_y*ajjuj JjLuJI ^tlsuu ^jl jl »"<■ VI Ua^kl I jl j 

:^Ujl 1I (jo (jOLjj JjLw (jisL ^ U5\ 

p = p+h Pg (3-5) 


\ 


(h) 4b3MI <>o£> SjLJj jl jJj 4-ibb 4bsij ole P JjLoJI tni <A> Cilo^biJJ j 

.^cjlII (juij alt JjLuJI 4ib£ Sabjj Jbiu-UI jl jJj Lo£ JjLoJI ^db-tu 

:^Jj La (jj-uj jl ^)Sbj 4 sMjl 1I aoA (j-6j 
j-bb o^l j ^jjjxLa jili ^Ul Join I — \ 

. bl (^>11 l^J iJjbxJI 

(£3jioj-m-XI JljVI) JJJtlb pbl ^LaJ (^iJI JjLxuJI —Y 

(jrfiJu <jlaitl oa<& ( 5 ^ £&Connecting Vessels 

P-bVI SotLS (jt idjjxu l^J 4 a II JK mV I ^t jPiMl 

.(°—V' JSbu) < c5 i^l 

*±u£X\ jlill JSJ OtJ j ill ^Jsuu (5 jlxaa jb IlgJj 

1 j «A« 4 4 

JfltbuJ 4lotl3 alt O-taJI dLaxu jljjJ * J-uJI ^ a —Y* 

JSbJxi) ^aJlII 3jbJ jjIjUI isJLuUI 



^ L> a& pUI jijjj 

43jblxaJLl I 



^at alt bJt-LtUI Ja^t;i Is^luj jiiSl jjoxaJI atlji 







































(JJUUJLUi Ljl^ 


.fill qa AjLxulld 4 jlo£ ^ U Ja^ J &JJL1 <jUJJLU4 Cll J «U^Ajl J^kQJ 

^Jl CUjJI ^Jrmi J-U2J <j-auVl ^jAJI (jSaJj <*UjjuV) ji { ^k CaJjJI <ja 4jla£ t «Vi 

(JOjV i (ju J-udli ^ fj\ u\fi dl*L& Jj V CuJJl J *UI <jl <C JJS. (jrLXA jf\ tufi 

£j£JI u& pUI £1&a jl *UI AD J-^liJI gJb-mil h o CuJJI g \ilijl ^jSaJj< AD 

.(V-r Jiw) h w AD 
D ^ Lx ,AII = Ajk hi .All (jV 

.'. P + p gh = P + p gh 

a 1 o° o a 1 w° w 

.c-UI <Cili£ P v> CjjJJI iCiUiS p o<( _£hi .All P ■"• *^ 
h p = h p 

o 1 o w 1 w 

:^JQJ| UjLualia.1 (jSt&j a^jLuJI ^MjUIj 







fU v 





(i 


|p_ _ j _1. 


_Po_ K 

Pw h o 


(3-6) 


ilj JjI j-taJI jljjl 

(jGjjuaJI 


.Lvl a.c OjjD ^LllxujlII 4i0sJI (jStaj h < h 

.GuJJI <£iLi£ *CijjLd pU! 4 iLiS 4 -l^jJjlajj 


:Atmospheric Pressure ,Piir<nh 


j^kl *^iLuJJI jUdjjLJI £ljILkL Torcelli ^h mjjj ini (All ^uUU 

3-ujJI ^Jb-uj (jl .^j 4-> 1 j "«<** 4 ^-uJJL LaLaj 4 jjuo ^Jl LgJ j-b 

.Luj^j 0.76m 4J ^Uj j^fl <jt£ &i (joca uui ^Jl jAi Vil j£ 

(3^^' <> <J^ i> ^!) 6i% ^3^Vl (33^ j 3^ , 3 ai ^*^3 

. ^ h m^ f ji ^-ujL Jjl^JI I Jl^ < ^4ini (A JL&&I (^J-ll 



i>iiin ^jCji «j*rt 


































V £>- 


I ' 

yy U 760 nn 


• __ 

/-J - 

l A. I 

2 

r-^ir i 

M 

1 J 








^-uilJ"^ £.^jVI O^ (^“^) J^koJI (j-a ^AAAJ^g 
gJrmJI (j;jyi u\n j^ljVI J-kl J h ^jJJI Jj^jlI 

CulS pi j-uuLLLj Jiaj j^JI ^jjjll (j^JLkJI 
. JSU j-uij ^ jl ^Ij j-uij ^ ^^Vl 
(£jlxaA B * A (jGlaSjJI LjjAI IjIj 
^ jLk A 4-haiJI (jjSkj ^ * <(^—Y* Jsku) j^lj 
B 4h5MI j ( j^ij^JI ^JjJI fdruui JJS. <U ^ajVI 

A jk JbJukJI = B jjlc IsJukJI 


P a = pgh 


: UJ% ‘iUjjJ 

(3-7) 


JalUauJI jUA JjLJI 


UjJ JbJLt^Jl p^il^J ^j^JI JbJukJI jl li& ^^ixa 

Jj-o J^.1 J dJchsLa 4^ Lula J (0.76m 4xlij jl ^AjjJI (J-A Jj^£r 

^-j J ^) 

if 

^tJnuui jjs. LujULa pl^Jl hi (A> jQjlXI hi <hll — 

3jlj^JI 4^,jjj hi thll Jjjla lJjJuj . 0.76m Hg ^jLuljj <j^ ill 


jjs. Ig-Lhuai,I Ijjb jjSIbj < 0°C 3jl4-^jj akc 0.76m Hg ^jLulj ^jJI hi <hll 4 jL S.T.P 

.oIjUlII ^j^jI4^JUla 

jU 9.8m/s 2 4jLtijVI 4-ujLaJI 4l^cj 13595 kg/rn^ ^jLuu 0°C jjlc ^-uj-ll 4iO£ I 

ijUjUI ^^Jl hi (hit 


P. = I Atm = 0.76 x 13595 x 9.81 


1.013 x 10" N/m 2 


c U j-uiH r’*" 


Y* Y* - Y* ^ 

























































<LuI jj I jit n 


5^jVl ^ jV| Jtlc jiVl ^ £jl*j liu 

Uji * l ^ l t 

J^l ^Jclui 

fdnuut (j£. Qjl4j jl 1 oK4 .CjL^LuJJ 
^JQJLj jjaxJI lia gi £j jl JS jVl 
JsJu^JI <jj!L (jjVI £i±b j-ltj .JsJu^JI 
.^UXL^JJ ^LkljJI Jhi-uaJI J-o ^jLkJ! 
J-X-UU ^ A»j LAJ I isJLufiJI Jib Labile dJjJ 
iai-uaJI jl Ijl 4-L.b jJ jILj 

<^jLLil U-lIS Ifxijj ^LkljJI 
4jlo£ isJu^JI loA AJjljLd 

Eustachian jjSLLujI SOS *1^1 

jLdJI £j*£laj j-LJb Tube 
(S'-r JSui) 4±ddl ^ hti^ll 



j jSu jaj 


bJLbJf l£j ljI JL>»^l! 


1 (j uiVi ^JjjJI ^LbUI tni r^ll Lgj (julSj ^jJI <jl a^jLuJI qa < An 

2 

.N/m j JhiuAJI ol 
.(N/m ) f-^tSU ((JlSL*ub» Soaj oaAil oaJj 

1 Pascal = lN/m 2 * * 

P a = 1.013 x 10 5 Pascal jQxU iduAJI ^JLiJLj 

1 Bar = 10 5 Pascal (10 5 N/m 2 ) «jL» ^ CiiAil L»S 

P a = 1.013Bar jQxU lit AH ^JLiJLj 

Ton' jjj LAil ^AMi jj £jj j jjjlaIJL u i >jjaJt K« AH (_>uLkS <j£. ^LAi laa 
1 Torr = 1 mm Hg 

: jLixi.1 .Kju.AH idJjJ j 

P (1 Atm) = 760 Torr = 760 mm Hg = 0.76 m Hg = 1.013 Bar 








































JjLwj ^ U ciJSL at (jujjuxi Cil j 4-*^ajI (j£ 3jLlc Manometer jILa jjLXI 

JibJj dS dJjJ 4iTl J (dJnJuJ') (juLS jlJ-U jUlII (j\"iJ* ml) ^ J i^Vu <*CijjJLa cGiQS outuLla 

.(^^kVl (jTn* mil jj-ajjUI JjLuJI ^Isluj 

: (I S \ —X* JSLu*^ JjLuJI ^ulSLi j ^JLal ^oflxaA A.B ^"lUSMI lj j^l I jlj 

P = P + pgh A ait iai-uaJI = B hi <hll 



JjLoJI hi (A) Jjlaj pgh <i£ j^JI hi thll P qa jjS I £j jILuxXI j H JtiJI hi ih P Ojl^. 

J4I P JUlII hi ih <ji£ I jl 4JL*. . P< P j-u hi thll ^ji j < B 4h3MI J ±&jjlall £jiJI 

P = P — pgh :^jU (cj \ \ —X JSdu) (£ hi thll qa 
JuaUI £jAJI JjLxoJI ghm» Jj-o ^jjl jILajjlall £jAJI JjLuJI ghmi jj5La 




^ LajIj £Jjl uiU ^4 JUlII hi ih (juLii Ljjj-ui V 4 unit II Oli.uJhj.il ^j-o j_u£ ( ,«ij 

:^| ja££ hi (hi) Jjji (jtiLiS jjAXI 

AP = p - p = pgh (3-8) 


JjLuJI ^^Jb-uj (j\j h £lijjVI <jj-o.jiUI p JjLuJI 4i0£ 4i jjlaj 43M*JI <>jj& 

.AP hi (hi) ul ui^k g 4 jj jL^JI 4l^c dJ jSj <4ln* >t» 
.(^j^JI hi (hll «Ci jJLaj JUlII hi ih qLu<a (jSdj 1 <hjlj 









































igr 


a 




ljCLuIaJ 



.t aXSU jJb £P-utl jj tSjjjVlj (j-ulj-uJI (j-o JiLJLd ^IU J^Lk yA,i <£jJ JjLuj ^jJI — \ 

.bjU bbuJI Ld — Sjlx — ^ ui^ll J^Lk ^jJI cjLuujI^ 
.LudJj^ 4xJI I jJb jJlIxj j ini bb j3olusla ^ Jl cjboujl Jjjlo (jl£ I jl Lot 

cjJL aj I ^bjjxJI ^-Lfc 1 * <P^g Jl£ <. iuPJI AXrLdLbu J^Lk yA u~\W ^uLu^y I Jfl util 

: hi fPll jLLajlS — Sjlx — jjajj 6^ <^JI P* <P (jubS jjl& 

<4J £aa 3 ^^uaSl ^5 jbj-uJb j* Jl la*_ua (j^ j Systolic Pressure ^x^LSjVI lai-ukJI 
(j^jVI) ^bjjVl ^11 Left Ventricle j-ujjVI <>iaJI qa jiJuj <<_iiiiJI 4LPc j^13Ti UJi£ 

.<julj-tiJI ^Jl dlka j <Aorta 

laboJI Ji£ JjSbj U jsl ^Jl (jbjJoJb ^ Jl la*_ua Jib 4 a£ j Diastolic Pressure ^labajy I iai-ukJI j 
Jbi-uaJlj 120 Torr ^-ukUbV I Uu-kJI ^kaliXI Jbujy I .<„U4JI 41 <Pc, 

80 Torr ^LaJ^fl 

4( jSwAJ La JSI ^JjUl ^UUI 4^bxLd JjSai <^Jlx Pi* iP CiAJ pl^Jb SjbuaJI jLPI ^ fi A \ —T 

ijljjA ^JjUlj jtMl (jU (jobbJI ^LaLuxs jU Pi <p CXaJ bJkAa jlbVI Ijl Lot 

pl^Jl P* iP jxibiLAJ jlbyi pl^JI P* iP (jubS (jSwAJj <jlpyI 4jJ)k mj dK*WV 1 SjbJ ^Jl dJj 

.(\r-r jsai) 




✓ 

NL' 

f ' ^ ^ 


1: 

rk 

n 

II 



>1.20 ^ ,I*J1 


jjttri ^sciii «j*r< *bUi 


Sjbxu jUbl p-lP*, tP (jub^ 
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3 


j 5000 kg/m <GjU (5 cm x 10 cm x 20 cm) ojbul ^ o^Ldalxu^ ^jljla - \ 

.4J tn* JSIj o ur\l ^Lxla ^druui 

(10m/s 2 ^LujbJI Ua* jjlIcI) 

djbui (^jJI 4^jJI J <JSVl A^LulXI (^J jj (JoJulg ^ uV4l cjLujl^J (I) 

.(5 cm x 10 cm) 

F 5 k 10 * 20 x 10‘ f ' x 5000 x 10 


P = —= 
A 


5 x 10 x ur 


= m i (Sim 2 ) 


i>jL*_ll (_£jJI J i 4^LuJLl (_£j cL^jJI jit £_ui ■-*> J3I ' .1 ...^ I (<_j) 

.(10 cm x 20 cm) 


n K 5xl0x 20 \ H) \ 500(1 * 10 .. CfV . KT . i 

P = — =---= 2 NX) N.' m 


10 jl 20 x 10 


<Gili£ j^JLa (■La <U £ls ^Ifc 5jjJJ.I ^ iKH dJacLuaJI (_£^ill dJiS j ^KJI lit 1A1II jt — Y 

2 ^ 3 

p'LXI gifl-aj (jlSj <jILa j^J j *u pUI 1000cm bLa A^Lota Cuts Ijl 1030 kgjm 


1,013 x 10 5 N/m 2 h« inllj 10 m/s 2 AjjjbJI ^ 1 -%. <■ Lus ijJlo (_^e^Jl 


:j±f 


:^JSJI hi.AH (1) 


1* = P n - ps h 

= 1.013 x 10’•»■ 1030 x 10 x 1 
= 11.013 + 0.103ix 10'= 1.1 J6x lO'NVin 1 


:4jJ£JI J TU*I -Al l 3^aJ| (,_,) 

F-Px A - J.II6X JO'x 1000x 10^ 

- I.l 16 x 10* 1 N 




































- - 



^Jsuu <£jjiinn JaIj jU t-i» i<^ ^LiiJ ^JLu j jiajjLa -»>A.~ ...l —V 

36cm jIjSa » £j j~>mt,L J iAit,l £jAJL> ^AaJa ■■■ (jA ^lfcl 
N/m 2 (_a.) Atm (o) cmHg (1) olda .jj <_>u n jlAJI isJui> U 

0.76 m.Hg = 1.013 x 10 5 N/m 2 ^^aJI lajuAll Uk. 




:cmHg otdAjj (1) 


P = P + h = 76 + 36 = 112cm Hg 


:(Atm) CildA^j (o) 


„ (Pern llu) 112 , 

P = w = =1.474 Atm 


76* 


76 


:N/rn ald*.^ (^.) 


P= 1.474 x 1.013 xl0 5 =1.493xl0 5 N/m 2 

2cm 2 ^xut^JI I 4 C .jS ^la4 a cL^lou-i j 1cm 2 tj»*Ail l^cj£ ^laS.a mo U uij^. Aj-us ^lc. — t 

(jjj (800 kg/m 3 CuJJI <Lia£ lg_ii od <(1000 kg/m 3 s-UtL Luj^. c»a 1 * 

J^^laJI ^kuoll c-LU ui jl ■ » uia \ 5 cm Cxj jJI j ja£, Jjls ^La. £ * iAJI £jiJI 

*Ui <ju 


IJJ.I 


• p =^ h o= Pw2 h w 

••• P,A = Pj\v 


h w = 


= A^ = 800*5 = 4cin 


1000 


iZJa^JLo 

<*u^juV) ^jaJjLuJI (j-o JS £lijjl ^-Lc IS^Lbl ^jJjV (l^jdaS^ L^IL^Lul^ jl) ibjjuVl jiaS urn 

.P'LkVI JSJxU Jjljj V P'UVI JjLuJI <jl uVn dJj 


ifritt 1 aiOH <**>« » 


IT 




7 















j Pascal's Principle JlSbib SjlcQ 



jjJj (jtuSJLl Jill! SjbJ 
JjLoJI 


(\ r-r) jsddb <>jj^ ^4 J^i >uJi b3iJ iji 

4-ibb A Jia 4Uij jjl£ isdudJI JjSJ JJj-d 

Ca-ab) JjLuJI gJ'iui jbfc JbdudJI P! Ojl^ <P = P j + hpg h ^ 

^-tilLUl JbjudJIj Jbduddl (j£ ^LiJJj .(3 j-ujLlo j'«^< H 

• L> ojiU 3^s (joj^XI jjj 

JSj £o<3^j dJ JJ AP jldSLu (jxuSbXI JbJuuiJI LjJ I jlj 
^jjl) J^l jJI .jJI (jinSHI dla^^b —j<i t^U ^i£r ^iUil 
Ci^J JjLuJI ^Jh-Uj OjlC, JbJudJI JSJ .ioLiu^u^U JjLoJI £jlLIS 
dt JhiubJI jljjjuuj <AP jlbbu <>jj jj jIjjjlui 3jJuLlj jni^U 
< AP jlqsLu djjjj g-lrmJI IjA Cxab h ^jJI A 4Ja£L> 

p = p + hpg + AP 41V4MI djA JjlC iaiudJt £LJ-U2UJ 

.pb^fl jmjSju (j\ (j£aj (j\JLa J-a. ^Jl iaiubdl jlJ 13U 
:^Jj La£ a^ r;MI <>d& 4dLu^jj Jbbub ^uj jiJI ^JLxJI bJj 

La£ JjLoJI *IJaJ j* lo^w I *Labuu J 4Vi i JaAobJI jU pbl jp..r^> JjLoj Pil >A> jjjjj L>Ojl£)) 

.JlSLub 3j£.b jl JtS-ujb Ij-laj IjJb oi jJuj .((JjLoJI ^t I pbVI Jjlj^ ^Jl J43 jj 


Hydraulic Press ^^SLJjj ju^I ^^oSUit * JlSbib Jo-Jaj 


.Ol jLloJI J-al^^SbJjjJJLOJI jxljSJJ Ljdjj JLSucub 3j£,L§ JrTt*~i Cj14jj.Kj 3JJ^JJ 
j,« 4< H j (a) 4JliaLa A^bojj j-ii-^JI j'«^< JJ t—T) JSboJI LoS JJl^JI (jqjS^ U i_j£ jJJ 

.cJlxuHj JjLojj ^ aojSJJ (Ju Jj-aJI p c5 J1ajj (A) 41 Pi 4 4j^Luljj j 1 iSlI 










































I; 


.JhjuykJI ^jxiAju Jj^jjj JjLoJI y\±j * P tni j.\% is>\\ (jn iS>U jjIj I jli 

J AjSJI (jgjSbAil ^ilujl ^kuxJI ^Jl JjLxJI J^Lk «Lalajj P JbJt-ukJI I k& 

< (F) J uSJ) j*l iSJQ sjjJJO 3 jkJI j (f) jJJLucJI jjM^U 3jjjjJJ 3jkJI jl Hubji I jl J 

ijli jjJ j ^ jIjxlc jIjjVI jH wLuiLII (ju& 4 J jryuuSd ,I jj JJJ JbJt-ubJI <jV 


a 


F= Af 


(3-9) 


S ^ J » 1 <II jrf^i< 11 jJ JJJ jii <^-> I) fja »<t I ^i£ (f) SjS Jj Jj La Ja£ djl ^ i«Vi> d5ll Kill dj^LxJI fjoj 

: ^ r| jJL I 4 J ja jjj lS ^jJj“ '<«h Mechanical Advantage iuJVI j .(F) a ^aJI jiSl 


n=f = A 

f a 


(3-10) 


(ja, jS >U tL^LuiA ^Jl juS.ll (jxuSJt*! <L^Luia ^x Hu juli j'«-Hall 4 jJVI SjjIAJI <jl ^1 



<uVl S^LAJI 


.jJJt-uaJI 

:4j 1 gHH ( \ o-r) JsHJI ^Jl ^jJLj 
y 1 liLota jAxuf ^Jl jjJt-usJI ^j<i t,l <dI jl 

liLcu-a ^-U.1 ^Jl i J 1 iSlI (jn 1^1,1 jU f jJjLj O-Hj 

JjualII 43 LLJI pliLi /j^jlkl Lx-uj.F jjjIj CiHi y 2 

^JHa j<t Hl,l jl (j-ijibj I jjJj JjjjII 

. (100%) 4j*li£j 


fy,*Fy 2 

j_ = 2i 

F 'y. 

f= T' (3-W 

h „ 

4 1 mML L^kt jjuJuJI Lubjl (j£kj j'« ^<Ail 4jj^fI SjjUlII jl Jjj IjJbj 































4-4-4 ^jjL4 






4 4 kLt^ 4 ft ^ A k I n>» 

, Jil^b ajucU ij 1 t »«U Hydraulic Brake 
.Brake Fluid iLi*^ }GL- kU^Jd* fib f>i*I 

ilflt b kJU^Jd 1 4^*5^ ^iC 1AM «*?» JU&J 

c ^Ul Jk Lib t L^«i J^SkiL-1* 

- Master Brake Cylinder k* 4 >*jdt kb>J» ki>jL— • 

^ib <*J J*tf < ^Jj JojLoJt * JLft JkLb$ 

JmJi kLt ^ ^^ilSb ^fj «kU ja!\ la± 

•Li-* ^ ,«J J*) <£;LJdt ^ft Wheel Cylinder 
kl«>—kit (— ^ (kj . Brake Shoes klt > , 1 ft 

kUnft bii^j a j>xa£ iTtli*t sji \ Aili .Brake Drum 

J^tj^Jl J*t fjJ 1 'Jl* ^4 »4jl 4 »«ft ^JLLrtyj 

k klidt i Laj kJt a * Dmm Brake 

^^U4UV» 4U>J| kJb* Ji L4l .(U-t JLi) 
OV-t JL1) Disk Brake j+j-H' ^likJ ^ ^ ~ 

JitJLs^t l^i k>A» kLt ju Jt ^ kULJ’ jjkJt JLi 

w 4 ii^j jJtSJ** ddi Jc Ll^j .Brake Pads Jjt>Jt 

•tji.* \>+£j * *j ^Jt iiL-J.t Jt .kb **! 1 

. 4 jjlS *fii\ JV 4 t kLtjU* 


kjubtjji f jiibb-j JlSL-b 4.1^ Ik! j*>\ J> 1U1 -T 
ijbdt *jjJ ^bb Hydraulic Lift 41IJjjju^Jt 






























































■Jtk 












<Jc. juklMt Caterpillar jUu*l» -T 1 

0*-t JS-L) JS~.it iML\i 
Ja 4 J-IJ ^y^uJj -t 

^i^XrSn ^>5 ^ * *£!» jl 4-cS*i ^ u A ^r> 
4*dJV' 4^^k> jui ^1| ufelj iLldJ* 

^k$ .(T«-t JSLL) ^jLsdi Uidd* 4 J^La 1 
Juui ^U»?i 4)j^ J^j| j^uSJi jU^cSf* 

Lia !< Ja il< ^1 j ^4 xij 

.(Tt-t JSL-i) 



jh 


jjjbSJI <Llua£a ^JaiLa A^LulaJ 100N S^3 *Lik jj Jj 10cm 2 jjiu^dl <Uu_LSLa ^JaiLa A^Lota ^aLa j'« *<* 

:o-ui^l 10m/s 2 Aju^ jVl £ajjUJI £1^, ^1 c^k, IjU 800cm 2 

jaaSJI *<i ( £ja-cul jj Lj-Jtij <U3£ jjSl (I) 

.^j<t is>oii Ajj^n 3jjiAji 

.lcm j I jaa i j * *<H (jtuSJll d j^k-uJ jjJu^JI j^^<t l j^dj ^jJI ^CiLuxXI (-^) 

: J^JI 

f _ I 

— - - ^u^J| L> a^X\ ^ OjjjAl 0^1 


F = — x 800 = 8 x 10 ' n 
10 
































m = 


F 

g 



j«»<ll j" ><t I 4t-iml ( j&ai &liS jjSl (I) 

_ 8x10 _ 8Q0 
10 



.^u^uiuVt s^uji ( v ) 


n_ 


F 

f 



800 

10 


. 1 cm jlj.sL\i j i iSlI dj Vi \ 1 L$£j Vn £iLcail (-^) 


fy. = pyj 




8000 x I 
100 


= 80 cm 



















:AjlujLujVI ^JuJbLitl 3 ^JbjLxUI 
.(kg/m 3 ) Sjltl (ja ^11 «Uj£ : (p) ^iLiSJI • 

:(P)<lbSjkit 

.(N/m 2 ) rLLu wUbjukU ol^LuJJ Sj^j ^Jt L j^at SjjJJJ S^sLII 

.JbJukJI (ja& LgJ (j$ Luj JjLuj jl JULLA ^4 ^jJI Jh&ill ^ • 

CiL^LujJJ ^it jjJJJ plj^JI jjAt JJj £t p^-oiLUI bdubJI : jLjjlXI JsJubJI • 

4xlijjl 3-ujJI Ju Jj^t (jJj <Jt p^-uiUll JoiukJI p^il^J jAj *U ^Jcluj kt 4 nno 4-LV4 j kit 

.0 C kit - jk j^lj *udkLa 4 j^Luju j 0.76m^JI 
(Torr) mm Hg jUO 5 N/m 2 (Bar) jL jl (N/m 2 ) JlSuuL 
bdubdl j pLI Jit b* tA> (ju (juLkl ^jkkuu Jl^s*. :jkjjUJ • 

: JLS-ujLi Sjtld • 

^Jl JiLuj La£ JjLuJI plj^l £^Jl 4 uLuj J,4jjj JbJukJf jli jxj jiAa JjLuj ^Jt Pi* >A> jjJj La kit 

.JSLuJI ^it pL)fl jlJd^. 


p _ m 


:&algJI oLsHaJI j (jul^Ul :LuLj 

iLSJi 

= (p) • 


1* 


-4 




4^L**L» 


= (P) hi i^ll# 


• 4uJb-uj Jju £at h ^Jt pljJLa p 4uiluS JjLuj J)blj 4b£L> kit Pi* t^l 

p = p, + pgh 


.4jubjVI 4 jj jL^JI ibt g JbjLukll P a u 


/I 


ijjfri gjftt ^ »b>u*n 




























.pj h 1 = p 2 h 2 (jGjjui ol j *Cj^-uI Jjlj-uJI • 

£ = F_ 
a A 

^lc, 33^sLII F i a 4jdaio *CkxLuxa ^jJI jjJuxaJI jn t^t,l 3jjjjJJ 3 jUI f o 

A dJllaiLd 4xxLuxa (^jJI J u^JI 

n F A 

- — = — £JVI S^tAll# 
t a 


y 1 (jxuSAI l $£jajj aiLuxXI aJV jj y 2 j u.£.l 1 j^<U L^Sjajj ^jJI ^CiLuxXI ^jujlU • 

fy! = Fy 2 i^S^Lsdl ^Al«n 












JjjUj^ 4JL Jjm 


: i ^ ^ 11 4jI^VI jjl^I : V 

lj*U pGI £13 ^ jSI 3 JI lax^Jl ^ AjJQJI JJjjUI -\ 
.JjLoJI 23US (o) .*G)fl ^3 JSLuJI 3 ^ (1) 

Int.urJI (j) 4-LuhjV» 4-ujLaJI 4 Kc (-^) 

pLjVI Sj^IS A^LuLd (-A) 

( 5 ^ (3AP 1 CT 1 * JaIjaJI (^1 -Y 

.4jjjjV) ^drixii 4^Lol$ (cj) (I) 

.4jlu 2jV» 4-ujl^JI 4-L^£ (j) Jbi-uiJI (-^) 

# 3^JJ| 3jl^ iUjj (^) 

It jouJI * gls. ^JLsdl j-oJI <>j ^ 4 £l§ jli£ j oL*X\ tni jnltj —V 

. J-uJl Jj^io (^) dLxU ^db-tu wL^Lota ^I^ 

. J-uJl Jhal^ dLamj ( J ) *>LlU ^aC 

.iajL^JI SjLa <CiQ£ (_&) 

&juujJI 9:2 ^Ul (jxuSJJ ,^i <jUjI jJhj^iVI ,ns<t \ jJoS ^jLu£u (ju 4 \ utMl CuLS Ijl —1 

:^jLuu (juxuSbXI ^-Lc (jG^JI <ju 

•2:9(o) 9:2(1) 

.81:4 (j) 4:18 (^.) 

.4:81 (Jb) 


m 


ijifrl piftt ^ 
















JbJUuiJI — Y 


4iOSJI 


JlSumL) Sjxlii —X* 

: Jtitl : tiltj 

(J-O ^jOLJJ h JjLuj ^bb (£ I OJLC P bJubJl (j\ Cx. ul — \ 

p = P a + Pgh 

.4jubjVt 4 -ujL^JI g < JjLuJI 4i0£ p t j-^JI bJubJI P ojl^ 

.£JjlxtLd jlx b* (A) (JuLlS 4JLa£ Ajbjb £j-uil J jj-d jjLU lJluS — T 

.Lfrjl5 1 iKi j_ 2 k! ^j-uil 9JlSutuL Sj£,GL jj.uaiU la —V 

5jjjjj.1 ^ «kh a _^UI..* 15 x 10 3 N/m ja cu j <u %ljU...I *ljl £ls ,^i£. isJu^sJI (jlS I jl — \ 

(7.54 X 10 4 N) 8m Sas-taJI Jas ^ ^ 

hi.nll jjls I jls 3.039 X 10 5 N/m 2 ojja JcJuX SjUuj jlM o-Y 

(4 Atm) ** "**** "** Aoui) jlla) JaIj la*.uaJI * ^ ] rn ^ x 10 5 N/m 2 

o m^kl 4000 N *La ^i£r 1000cm Jlaotil So^LS —T 

(4 x 10 4 N/m 2 ) £la ^i£ *14.1 

Sj£ Cu-ljli ljlujjJI ^-Lc 24cm < 2cm L&a) jbS ^SjJjjJjlA jniSa j i t^llj jjJu^JI <jLau5J0 —1 

SojUlII dJ jSj ijjJu^JI j'g*<M SjjJJO S ^sLl) uuiaI . j^uSJI <jxu£Xt 2000 N La jloiLa 

(13.9 N, 144) .^uSuOJ <ujVl 




















1n% iAII (j\£ I jj[ Sj i^k ill ^ ‘ 1 Atm 3 J I^k i ^4 pLo g-h,m ak IsJLuiJI lal — 0 

1.013 x 10 5 N/m 2 JjLju &y>J\ hi ,^l l j 1000kg/m 3 *UI itiQS Uk. <?3 Atm LgxIiS ak 

(20.673 m) 9.8m/s 2 = jLaJI £kxj 

^jLLJI akj 76 cm Hg jVl ^IkJI ak <G*I jS ^LuJ jkjjL j 1 

lal jjk £ju *• 34 JI kw jld c-uu^li <200 m j^kil £li 2 jl I aU 74.15 cm Hg 

(1.258kg/m 3 ) 9.8m/s 2 3_uaLaJI jL Uk 13600kg/m 3 jl o&k 

^^kki m <j-U £lij jVl (3^i (jls I jU jli- <U ^aj)~i uirt J J uSl !J (3^j ^k (^jAJ jk^jliU —V 

Ijjid plj^JJ ( 3 -lKtl kakJI dJaS^j lAII 3ji <-i m^li 25cm 

= 4-ik jV I 4jl* jUdl <Lk&j 1.013 x 10 5 N/m 2 JjLaj ,K«.iAII ,jL Laic <N/m 2 

13600kg/m 3 = JjjjJJI iiLiSj 9.8m/s 2 

(0.3332 x 10 5 N/m 2 < 1.3462 x 10 5 N/m 2 ) 



ijttn ^Ctfi 




















, Hydrodynamics 2 &iuJjj ^1 iQsLaJI iuutjj j-a yVl J^aJj 


.o jh int,l jjbjauJIj <(_^aLgJI jbjouJI jbj^u ija qjx_jj <ju Jjlaj (jl ■'■ * 


pfeadyF/ow 


IjLj-uj (Jjmij JjLuJI jl JGL j-uljj 4-jjju Sjjl VUI 43ULld JjJJjj & i La JjLuj dj^dj Ujllc 
^ jlgJI jbj-aJI ^uuij (^jLuojVI) jl Laminar Flow ^IdaJI jbj_uJlj .LuLluJI LjLj-uj jl LLJd 
3jii J£ jL oLluuVI £^JI 13a Jjuujj < Steady Flow Streamline Flow 

1 1 3Sia i ^uLu VI I jib ^A& ^ . Streamline ul i unV) ^mu ^L^Ila I jLuxa j>^Ti jl ^ i Vi JjLuJI 
dJ3j < Streamlines uLluuVI idjlad. 4x^-cujj <Ludljliil jl 4Ji4 j^jjI JjLuJI jLjj-uj 

< jJdlibj V L$jI oLluuVI id j)Jhd. jJlaj La jiAl j ^ — £ ) JSLuJI La£ JjLuJI pljj^l CiljLcoa 

JJS. JjLuJI (j-o 3jAJUud 4jia£ JSJ 4 tFi^ 111 4X,j-uJl dL^jl JoLluajVI idd. ^i£ 4Uij (julaJJ jl La£ 

id*CiLa£) 4 nno 4-LV4 j jjlc CjL^LuxXI Sj^jj Lj jj^j ^jJI oLluajVI idjF>^ j.4lV43.ll dlj 
3J uSJI ClLfcJ-uJl (S & cjLluuVI isJ)F>^ ^.IJjj la^JJ .4L5MI dlj OJLfc JjLuJI Jljj-uj 4x j-uj (oLluJVI 

.4 u^Vd,l olx j-uJl ocLljj j 



















: j-ul 


JjLuJI 4^ll£j isUu^j^U Jjli j_lc JjLuJI jV <>jLuxo Jjis ^Jt UuLj JjLuJI Jljj-uj Jjjl j Jj 5J jl — S 

.J^JJI jl 4 £LulU jJJUJ V 

. ^JLt <UnSL> J£ JjLuJI 4x j-uj lJisjjj V Steady Flow jLj-uJI — Y 

.Vortex Flow oUlja o^.jj V <Ld ^ Irrotational jlja ^jt jLjuuJI -f 


. Nonviscous JjLuJI aULio £ju dlSl^l c£jS o^.jj V -t 




£t JjLuJI cjLlxujI 4t j-uj ojlj IaI j 

Jljj-uj ^Jl ^jL^JI jljj-uJI Jj^ u (jolj 

aj^.jj Jjujjj Turbulent Flow 
Ji<i) Vortices 4jjjla 3jjjt-us CiLjIjj 
oljLLU 4 i uiMLj ^JJI jjjib uj jl^-j j .(Y-t 
jJJLuD Jjl^ JUlII jLuujI 4 ^ iTi 4 jU .Lu3jI 

JSI Ini «n ^Jl Jit Ini «n J-oj j_u£ Jjla, ^Jl 

.(Y—£ jSLuij- 4 -LjI jJ 4£j^ d jaJj 4jU 


4-ijt>4-LujVt 4 JjLl 4J Jbj-uJt Jjbt4 


: ^Jj La£ 4SI<<nJ JSbJJ oil ^jl^JI JLjj-uJI 4-ujIjJ Qa j-t^ltJuu 

:Ojl^j Flow Tube J Li j-uj 4jjjjI j j <^Vn 
.LaLol 4 j j-uVI JjLuJI Maj — \ 

L^jlj £j^kl ^jJI JjLuJI 4 UrtSl 4 jjLolj L^jijls Jj^I alt wUjjlVl ^Jl Jk JJ ^jJI JjLuJI 4jlo£ JjSJ —Y 

.isli uV£U JjLS Jjt JjLuJI jV IjUj < J^jil (J^Sj (J& j^Vl cijlaJI alt 
jLj-uj Jojlj isjjl 4i5Mt O^JJJ . J^jjl 2^3 4 jjjjVI 4ln.Sb ^1 alt JjLuJI jLjj-uj 4t jju .I jJJLJJ V —T 

. Continuity Equation 4jjlj^lxuVI 4JaL*-j 43 Mjl 1I aaA ^auuj <4jjjjVI glnsLd 4 j^Luljj 4lt j-ujj JjLuJI 
(jOliaiLd alt oLluajV) is jink ^it j-uaj^t (j-UjluaA jLLkl <4jjl j^lixuV I 4Jalxjj 4 \\%'\ Lj dl jjV J 

jUJ, JjSJj <A 2 ^jLUI ij JJ-U1.XI 4^Loljj Aj JjVI jluJJ 4 ^Lulj <(t — t) JSai Lo£ 

C — A j v j jA ^ 11 oLlxujV I Jojlj) (JjjJI 3a^ j A 1 <4^LuJJ JMjk cjLuiIXI JjLuJI 


Y* T* ■ T* ^ 































A J ^JhjLU jjs. JjLuJI as.jmj V | 

Sj^j oLuAXI JjLuJI 4Jj£ La£ . 
oLluuVI Jjjla (^1) p <GiQ£ J^jJI 

•Qm = P Qv = P A 1 V 1 if* (^' 

^Jj^JI o Uuu VI Jjjla jjSlJ JIXLiJ 
pQ v = p A 2 v 2 ja A 2 4^LuxU J^Ll 
Cull ^ ftt 11 oL lu A j VI JjJLd jV IjiaJJ 





>> A , (4-1) 


Vi*V» 



(4-2) c^l iJjbu ^4 ddAj 


4^LuLd 1 * "«<<* cJlUjLlU <Li JjlVl ^UaSj (^1 tU£ JjLuJI 4Xj-UJ jl JUlU (4-2) £3il*Jl <>JA 

3 1 (j £^Lul6 JjSC LoOjlC Aj^jj^I JJ J-tu piajj ol mn JjLuJli . £EV4-J I dLJj Jjl£ «UjjjVl ^iaiLa 




La J-l£ jjSl 4Xj-uu oLuUJJ < (A | ) 



. (^— t JSCu) (A 2 ) 3 jjjlu^ l(j *k>q<i wC^Lulo 
jj£l ^Jjl j<\\ u»VI aJjLjlj j 

s* 

3 jijllg *Uj£ j-uju j <MjLuj LuJ jl jj uVn 
Am = pAV^ ^ £Jj£JI , Am 
^a At| Lajqj ( ^|«’Av | = pAV^ ) cij^ 
At JjLuJI j Vij ^jJI iCiLtail 


JS3jj jl jjV < JjSu <JJ1 jj iA\|=v^Al^l 
< AA’jAt = ^Vyi ^j| is I % uViMJ JjLS ^j£ JjLuJI jV Aj^jjVI J-a j^Vl <-uLaJI ujuuII 11a (jail 


Jjjlj jl (mVs) Qv cjLuujI Jjjlj jA JjLuJJ uLluu^I Jjju> jl Qa j-i£LJI mi ^j 

aJjSJI p-ISj JjjLS ^ouou I jAj .jlasLa 4 -^Luxo ^1 jls, Cull jlaij La^LSj (kg/s) *G Q ^JjS uLluu! 































Aa jLt« 


S Vj j-da3 liUl 

Loa J3I JrJLtAJ 1 Lj-ii (j^SLi (j^l-LaJl 4<8iVia ^Jl 3jjlbJI ^ 

diAj . (V—0 JSJi) 3jjllaJI (jJj <jJ3j ^kV 3^3 1 mn4 (j^Q^JI <:\aj 

Bernoulli s effect jj 3jAU 3 ^miii 3j^llaJI 




^kV 3jjllaJI jijj iai-usJI ^L^jLUI 3^3JI (jr 



i ktS 



Jl^i g Lj^-Ull♦ 


















:<_uul^I 1 cm U Jaa <0.1 m/s *UI (jbj^u Ss.yx >j Vjia 2 cm Uijlas oLus ib^jj! Jbjj —\ 

. J.,)jAII C-J^JI tJ k *UI AS .Jjjj (!) 

CulS i31) j_uVl £-iaUib (jjj ^^! JMb. <bLbj JS < «* ■“*»"« I (<*"!"<_j A *-v ■%■) f-U.1 ajlaS (o) 

(1000 kg/m 3 = *UI iisbS 


: JxJI 

A[ v j— A* v, y! jjJxj ( ! ) 

a (0.01 m)" (0.1 ill's) = ;i (0.005m)' v„ 

K * I0 J *0.1 


v, = 


K x 2.5 x 10 J 


- = 0.4ni\ 


: (j-o (joljj cjUalXI ^^ 11 Jjjlo (cj) 

O v - Av ii l A J V J 

= a x 10“* x 0.1 3 * 7t x 2.5 x 10 -> x 0.4 

= 3.14 x nr m V* 

: £iL3j ^4 oLcalXI * ^ ^ II 

V (J = Q v x 60 = 3,14 X 10 3 x 60 = 188.4 x 10 5 in 3 /mill 

(1000 kg/m 3 = *m &bs) <bbuH.I itlSJI 

PQ v = P A j v ,=PAs v i 

= 3.14 x 10‘ 5 x lO* = 3.14 x 10‘ 2 kg/s 

: ^CLi4j ^LcolXI aJjSJI 

\1 = 3.14 a 10 s a JO 3 a 60 = 1.884 kg/min 

0.7 cm = djlaS lJiL gu £JL a mI jAjJI £la,ca^1X1 4X.j-tujl — T 

I jU ( 0.35 cm 1$!$ JS jlaS ciu-aj) 4 j ><m^Jl <>jl jjxJI jiJl £jjli ^jjVl j <0.33 m/s 

i d ^ jJ I ds. jJJJ ‘ 4 Q 30 AJlCUQJ jjl (J\jl J-uJl J JX. (jlS 
























A , = It r j = IE f0.007) J ri ! 

.A 2 = 7[ T~, X .>0 AjuojjjJI (jotj-uiJI <C^Luxa 

= n (0.0035)" x 30 m 2 


A, v i = A, v 2 


K (0.007)“ (0.33) = n (0.0035) - (30) v 2 
A x 0.33 


30 


— U.044 m:' 1 ; 


CiIj n iVill j»jJI as.jjj. i ^JUULi j * 0.044 m/s (^_jLuu a i m njJI ^jJI asjm (jI 

JjjjSJI jjuuSI ^jLjj (j*^mSVI (^jli JjLu oLa1a.c cjj^joj (^jJI 4jjdbj 

La£ 4jbj,u)» . ^JLkJI <uil ^KTi Qaj .<Lut jjlII jl jAL LajjjJj j£ M-uai < 4^ umVI 

.^jdajdl <0 jI (Jj-us «JjSj-uu 


^Viscosity 


: Lao A^jjlll dljjl JS^aj 

(jolaSJI u >^Vi i4xjli LujIS La^jua JS Jixul ^ uVi <J-aL*. , s ^i MS (jUjLaILa JulaS JjJju — \ 

cjLluuI 4X.juu ia^Mjj . JjjuuiLaJI (Ja MjLoa 1 ^ 4 a j < Jj^SJI (Ja 1 n * a 1 ^ 

. (jdjLuJI Ja JS 

4jlLL§ JjSj SjLuu jl <( jjjuu-iLaJI cjLluajI 4X.juu Ja jjSl Jj^SJI oLluuI 4X.juu jl jjaJa 

.dJjJ Jjj ut \\y\\ 4jlLL 3 ^J-A J^sl oUuuMJ Jj^aSJI 

jLuLA (Sjfi Vij 4 pit I (J-A J\JLA LaJ^I (^JIAJ JUjLaIIa JUtulS J^kL) — Y 

JjSj (jdjLoJI (^1 ^4 (ja ^Luxa JuujISJI J,a JS JjLuJI >-i14j .JoujlII J-a 

JLcoJI ^Ij^l jju JnJjLcuJI J-a JS 4Sj^ Pi^Mj j JjLuJI J-a ^LuJI .J^-uil ^LuJI 4S 

: (j) 


























^l^JJI ^Lui d £pLtl ilajliLa Jl Jjj Lla jj£l aJ^-ojj pm ^LwJI dj Wi — I 

.L^J J,ujjlII <kajliLa 

. jjdl 3jji pLLI ^jrtl ml (j^, 3JjL2bj 3jliij ^LuJI ^1 j^kl jju J-cujdl ££lxSjjj — cj 

ojS j <pLUj 4jA^ ojS ( 5 -^ JjVl jl ik JJ Majj i Jdj^b jdjLaka JjjL^kj xkta —T 

<pUI jj Lufcl j^l ^SJj j (Mka olLxJI J^) juJjLaka jujjjjLa ju j^Ij uJj n 4 4jA ji 
ijj ^SJj^j .jl ikl,l £l§ ^Jl J^xuJ 3jSJI ^ijJLLuu ^jJI (JaJJI cJISjI 4xLcu £lnml^j Juuj 

.jUkJJ £l§ ^Jl J-uajJ 4 SjJlLou (^jJI (JaJJI Jouj uJj " 4 II 
3jS 4i jJlLxu (^jJI (j-Oj-ll Ja J3I pm J^Lk jl ikJJ £l§ ^Jl J iSl'W 3jSJI 4i5 jk'\ ml (^jjl (j-dj-H jl JJid 
jjSl jljAa i 3jSJl ££Jjjuid^JI jl Jjj L&a Jjj uuI^JI J^Lk jLikJJ £l§ ^Jl J-uaa.1 *UjLaa 

.L^J pUI «LajliLa Ja 






: ^Jj La Vi ml JSbjj jno La^j 
LgjjJjlS JjSIj Jj^<Uj <*LU£ JjI^-oJI (jAju — \ 

^ m VI j^J l^kajGLa jl 3j-uS <££jJiJI jl cjLluu^LI 

.3jjjuus 4^jJJ Calj j 3j-ik up l^ji 

LgjjJjlS JjS3 Jj jaail^Jlj JjxulII^ JjIjjxJI ( jAaj — T 

l 

4£j^J LgkajGLa jl ( 5 ^ 3jjjllo <££j-VI jl cjLluu^U 

.4-Jlx 4^jJj Cal J J 3 jJjS l^ji ^Luaj^V I 

JjUJI (j-a 4 jloS jj-ukaj 4 j^jJJJI 4jLudLk jjauiUj 


j^kVI Lai J^Luj La^J^I (j^jkxua (j^jJ (jU 3jj-t^ua*a 
^ua^LLI JjLtuJI 4^jid .(1 — ^ JSuoj) V 4Xj-uu d 
^^11 (jxi-aMil JjLuJI 4djid dj^ii Lajjj QSLua J^jSLa J^LuJI 
Jj I Jjj V ^Jl jib^dl J-a ^jl jjj Calx j-ujj (j^jlll j\j JjLuJI CalLaJo d j ^Ti j t V 4lx j-ua jnVu d j ViU 
Jjj iUjlxj ^jJI 4XjJbJI 4X -jju j J-a JSl 4Xaio JS 4 Xj-uj JjSj cjjj^. <d j^IlXI ^jlll ^Jl JSLudl ^jlll J-a 

: ^Jj La ^Jl 4XjjxJI ^Joajjl l-SMj^VI Ija 



















.4-1 isLuDim JjLudl aa iUJ ^iixoJI £J-L1 ulU ^dfiuuJI £jU dK*Wl ( I ) 

j-ojLlo I 4 J JjLudl L-d-uaJI (^jlxaXI gJh-m (j\J Jj-lo'MjJI ^Jl 

djVu Li 1 mil (jAiVilj <4 £jlsJI 4-o-idC ^QSLui 4 3 itnll JJ-ui <Lfljbmul L^j d »wn4 

.(^jlxJI £jlll 4XJ-UJ (jgjjj JjLulLI LJjlII 44-lio.ll 
<L&jJju ^jjl 43 itnllj JjLuJI CiISjlL (J-o 43 ilo j£ (jU dK*W VI ^jib 4^-i±xu (^j3 J-a .jj (o) 
<LS>jJju ^Idl j 43 iF> JS (JU 4Xrj-uJI ^-uu ^Jji 4 jl£ 1 ftm Llo <( j2sJU ^jji Ifl u^t 1 ^Vjil 
Viscous £j-UI jbj-uJI jl Laminar Flow ^idaJI jbj-aJI jbj-udl 4lo £jUI liA ^muj 
JjLudl CjI^-lL (J\j dK*Wl jl 4-0JIbU JJL^J Li 1 um ^jJI 4b-uaL^JI dli 4^JjJJI J . Flow 

.(jaj u (Jji l(j-ua.xj ^VjjI (3>9 j ^ 




Sj3 Jj^.j (jA JjMi <4 jjU» 4X,j-ujj dIjVUl £jlll FiVW i 4 jI (1 —£) JSLttdl ^Jl jJLs 
1 * "«<g- l-J-ujLujj (A) djadUl £jlll 4 ^Luloj (V) 4Xrj-udl ^j -0 JS 2*0 lb Jjid ' SjiLII .(F) 4 \ uiL&o 

(d) (j^^-UI dy 4±usUJI 4iLuxXI 

A v 

(4-3) 

J^Imj Ji y JU4 w^LiF *1^13 (LJj) ^ 

(4-4) 



Fd 

n m _ — 

F 

•f 

*• Av 

Av/d 


: ^Jj Lo£ 4^ j Jill J-oLslo Libjju 4 ^Mjl1I ^0 JjS^obj 
4x.j-udl ^ji Lj.lt ^cd-u iCiL^LuAI Sj^j 3 jii JJJ 4 jluiLo1>I SjSJI : JoLud 4^jjlll J-oLslo 

.4iLuxXI SJ^9 1 ^ 4 4 JJjaxJI 4ilxaXI JjLudl ^o joLds jU 4xj-udl SjJ^J <>jld^o 

N s/m 2 ji kg/ms 4dj^ 























*. - 




: CULuCaJ 


; 1 ^ \ a £ jjjS piS 4 itV» A -v 11 

x frjpeJiuJ )J Ccujmt - I 

: ^Jl * ^ ulUI 4 \ \ac ^jjla Gu^. j^kV CX j 4 nj* U CaWI CaxaJ3 jf * *^ 

.dKi^VI pGjI 3 jJ jHI 3jlj^Jt 4 jla£ — \ 

. JSLUl 4jVl pI j^I 4-jLa^. — Y 

pLLI LiaaiCixul jJ Lul jl <3jxXJI Jjlajj Ca jjJJI ^ £l jjI j*lxklixuL Cj-uJ3JI 4jl1ix j*33j 

tXl (^1 4JVI *lj^l ^ 4 JJU cjLojj La <jlx j-uj 4jU 3jJ* <x"ill 4^jjlll Cal J jl J-U jAJ CxjuJUI 4 ilaC 

jLuaUVI ^-l£ I 4 Jjjij Jjlajj JjI jux> ^j-klxuj (jl ^juLjJbJI ^ (jl£ dJ3J .lg_XpGijl L^j 4^Lu2uJI 5j5 
^Ibi^lXiil 3 jJj fCulS 1 ift ^ Ij^fl diu 4-UI jJI 4£j^JI ^&Xj 4 Xj-ujj L^jLlxujI ^ JXj 4JVI plj^Ls 

.CaxajjJI 4 ilaC 3j-i-X 4^jJJ Cal3 jlj-o 

: liSj^UJl ljLcSj^JI (o) 

difLuxXI jjSjJI juu-mXIJ 4JVI 4Jlj-u jJI ^JSJI J i - u jJI <jli <(^j <^^ll I j~ic jjxi 3jl a util ^ 1 \ \ Laxx 
3 jLluJI Cal j Lb I (ju dlSo^VI 3 j5 j-u3 Lu3jI j <4j^Lk L^jS pLul 3jbmJJ pi j^JI «LajliLa j-u3 4ab* a J.aju 
4-aCt-aJlj 4 jX 4£J^cm ^Lux^SU pI j^JI &ajlia <jU 4buxijIlLI jf I a \ »n 3j-aiuxdl Calxj-uJI j jVlj 
^jX 3 jLuuJI 4x juxi jl jJ3 laak j . 4-1^1^ 4£ jaIvX I ^Lux^^fl 4x juxi ^La La j j-b < 4 * * ^ * i4i ^ I j^J I 4^jJJ ^jx 
jjSjJI JM^lxul (j\ Ix5) ^jjuj .4xj-uJI ^4 LajIj b^i L^Ix j_uj cjlxuLuj V pi j^JI 4^jlXd jU <j^xa 

L^Xjjxi (j -4 XiJI ^Jl JU-\JI 3jLuxJI Jjli L^ia dJxlJ <jj£ji>l J^JI IJj 5 ) ^ 4XJ-uJI 3jLaJ ^»4 4jjJL4 jlJjj 

. j jS jJI d^L^ILujI j3J 

: (-dal! ^ (->») 

i Ji-ujV L^3jJ : J c£j£ da^Lii jjLaj L^ali JjLuj llxul J I^ LbjLua 3jS bjLua xax 4 jI ^jJjlXI (j-o 

oLux^j j .JjLxJI 4^jJJ 4-^jCj ^-U:V JjLxoJI Quj Lg-u-a dl£3^VI 3jSj I 4 J JjLxJI 3jSj 

.L^jbS lXjxu 3jLaJj jljJ3 <LuL^j 4x j-ujj d jaCj Lgjl jx^j ^j^JI 4J-ua 




















43jjLd Lt \ itnll dJjaj .Ijumjj 4X jjjj (juLiSj ^jJI (j-o <£jljl£ J^kL olaJI dJj ^1 jJLlxul (jSLajj 

uj J^kj *Lili 4 jajaLajjJI 4aLusVI 4JLa> <Jlltl Jj-v-m ^-Lxi . V j*l 1 4 « 4 4 ^ ^jJI ol jS ^ <jl£ I jf 

1 (j n^k^k jl jJ-ii <l(j usjlaj pi ja^JI ^jJI Cil jS ^LuSlU^ 4^ m dJjj .^jJI ujuu jJ 4 X,j-uj SjbJ 

J jjlXI <j£, ujuu jjJI 4 x j-uj Jibi LlqjjVLi AaLusVI 4-IL^ La I .ujuu jaJI 4x j-uj jIjJj ^JLUL j 4 Lb jlaS 

.LbjlaS lJluzuj 1 ^Jlii pi jal^JI ^jJI CiljSJ j i ui^i ^* ntnll 























.. 






x J-Lo/La/Vl b gtlj x Vji 

.4jIjj Ijj-^j MSuxj ,xkjj Vj cjLluu^J 4JjL§ SjLj J£ <£jUJ • 

:<„ilKn ojjIjVI j3j-uJJ uLmuVI • 

.LjLaj 4jjjjVI JjLuJI ^Iaj ( I ) 

IgjLd ^jJI JjLuJI 4-loSJ 4jjLulj l^ji jId jjlc 4j j_uVl J^ jJ ^jJI JjLuJI <Li^& JjSJ (cj) 

. J^jJI j^Vl ^jlaJI 

^Jjl ^jjjlj JjLuJI oLLJa Ju dt£2^l jl ^LajliLa jj ^jJI 4ju^LkJI : 4^jjlll • 

ill Lg-iAXj 


4£,juaJI ^ji l.gj.c ^Lllu CiL^LuJJ 5J SjjJJJ 4 jlu>LjJU 3jiJI : 4^jjJJI J-jUlj • 

kgm 's 1 A^jjlll J-jLslj Sj^j . 3j^jJI I nfl m i 4jjj^jlII 4£LuJJ JjLuJI j^lLJo ju 3j^gJI ajljJLa 

: ^Ul^tl ljIS^AjJIj J^ofjjill : LuD 


Q — Av j-jJJI A 4 -^LulXI J^LL v 4x- juuj ujLuJJJ JjLuJI ^^ ^ • 

A v = A 2 v 2 : &j jl j^LujVI 4 JjL*-j • 

- FU 

^ - 4 V ^SiUJI J>a (>AJJ ( 0;^) ) £jU i>L*-a • 

id £j VU, I 43 itnll 4XJ-UI V <4£j VU, I 43 itnll 4 j^Lulj A JjLuJI J-J Ju 4 jlluLj-U S^SJI F 

.4SjVUlj ^QSLuJI (juSjlLJI (j\j 4JLualAJI ^CiLudJ d 


















KjjU-JJ AJLlJ 


Vj! 

JaljLa-1 * £jUI -1 

: Jl^JI 2U1J - Luli 

jkx <LjjuVl ^laiLa A^Lula ;v.4 1 1 mSc cJlxuLlaj Aj^xi^fl AlV4j ^1 jjx JjLcuJI AXj-uj j) Cj-uI — \ 

^TUSM I d!i 

.A^jjlll 3jAlio ^j-il —Y 
.A^gjlll ajluoLLJ oliLiitallJI (j^aju ^j-til —T 

: - LxJLj 

jl£ I 31I ^ jxiVl JiL^, *UI ax j-uj l-ixo^I 0.002 m 3 /s CuIj Jjjlaj ajx£I Aa ^ajI pLa (^j-ujj — \ 

(20 m/s) 1 cm 2 l^jdaiLa £^.Lul 4 

AXJ-uj Cul£ I jl l^lA jlaS cjuu^l 3 m/s AXj-ujj 1.2 Cm La jiaS JaUhJJ j-4 <L *.jjjl J^Lk pLa j^j — Y 
(0.4 cm) 27 m/s 14k* *UI £jjk. 

jbj-aJI jJa£ lX jlS I jlx 0.1 mm 1(1 ka JS jiaS lJi 3jjJt-ui 80 ^Jl ' 4 * ^-uujj jLjj-uj —Y* 

Aj^dj 3 j \ * t'n Js ^jJI Ax j-uj li m*\l 0.044 m/s A-i ^jJI jbj-uj axj-uj^j 0.035 cm 

(0.0067 m/s) 

I3U2 Cm 2 (^jLuu B Jka ^jkl AlaSj jkxj 10 cm 2 (^jLuu A Jka Alaib kiX Aa.^jjf *-iaka A^Luls — t 
(60 m/s) 5 jux a3xj-uj Li ui^l 12 m/s ^g^Luu A jkx pLXI axjou Cul£ 

Lajkx 2 m/s pLXI Ax j-uj CulSj < 4 x 10 4 m 2 ^A ^-u3 jV I ^UbJI J-kj3 alxa Aa.jkil ^laka a^Lula — g 


pLXI cjLluuI ax j-uj <-i ui^kl 2 x 10 4 m 2 ajL^-UI l^jtlaiLa a^Lula ^i tAi aj^j^I akA i < <Vi 
(4 m/s) ^Uall 































































jtjLilt jrut 






2QJ£JI3jL>.^It 


ulj 


jujUII j=*ji 


2ujlL* 


AjjjI jjJI ASj-^JI A-ujI jj J^Lk S ja±ula Ajj Ij-ulc ASaJL^ JUUI CiLj-ijj^. jl dljjl ^jS^aj 



° O' 


•O^ 6 o 

cr o o 

o. ° o' q 


°* ^ d 


dI j^jj JjLuj CiIjjJ^, — cj AS jjz . d jajj Jlx CjIjJj^. — I 

Ajj jj jj j AjJISjjI AS Ajj I jku£ AjJU&jjI 


Jalii Ajjjjjj ASd, jj^jj 


Ajj jljjJI ASjjjJI 

jL^jll AjjSXI Jjjls j LjjjajJ cjjSojjjSllXI aIjlujIjj Ajlauj ^ I jxLuSla LjL^j It I jl 

jjl jj jlS jl < AjjjI jjJI AS jj^JL ci jJLJ diA j^JjSJI ^jLsj AS AjjI jjaiX Cl IS dliAj Qa d jj^jj 

s* 

f | Lulj j^Sj pUI ^ aUjlXI ^Isill o ^jja (jl ^N AYV ^lx lJluuSI ^ Jjl ^jM'VSml oLu ^Jlx Brown 

. Ajj I j) u»fc AS 


A-Li jl^jJl AS^gfell aj 


pQjl j .AjjIjjaiX ASLijiaj CiL&L^jVI ^in^ c | j AilLkj Cilxj-uu ( Jlx ^1 jl ) pi^Jl CiIj-iJ^ d 
jjx (jjSj Lajjxj .jLkjd AjjSJ»I jjjjSJI 3 jLsj ^dh.ua j LaS ill Ifl i + ala <ai dJj LgdS 

<jli iJjlkXI cjjL^JI £-j CiUjLuSUI jjx jjSl Ajjjlj aB.^J £ <j^jjSJI asus j t_ul jja jjaI « CiLajLxuJI 
(juSju — JUUI CilliJ^ jl dJj (,,1 -ujJI j .3j luaS AiLud, (jOLj obdil d jJ^jj cij-ui j^jjSJI ASjlSJ 
( \ —G JS-uj) j jl Jjjjl JjlL LjjI jdux UUdl Jjjui < ^jLuzuJI Ajj I Jj < AS j-^-H 3 — AjJLxJI jl ji,l 




bUiN 


^Cll uiCUl JmII # 

































jljUJl 3-^ 




3 jl >^l 3 jl»^ 

: ^JjU dJj j^l Vi un jl (jSLajj 

La£ ill 1 (j i ;4^a ^jLuzuj l^3S^ pLuI j <3 jAAjuia VuIjjaX aJL^ JUUI oLuJ^ 

.I^jjWj (^jJI pLjV 1 (jljju. gu ^jl nVTi 



iLL >u 



iU 



jUlII CjLIjJ-^* Ju ^ ill CjLsLuJJ JJ ^t.i jj 


: c5 Jj La£ 4 jujJuJI CaliLattL cijJU JUUI CjLIjJu. <jU ^JLusli CatiLau Jj dljjf jSujj— 

t> f> 

jjjjJS jUu p^-La jVI jLlVo (3^ j j LuuJ I JUu LjjlL I jL-Vs LjVI IjI 

^5 jVG ^j-uVI jj jjiS pLuVu LKui jaLuu-uj jj jit <(Y — 0 jSbji)(j^jj jjl^JI 

— Jlx CalljJu. jU daj^ La j-tui j .^jJjUVXI Jjl^ JS Mali (5-^ jl umV I j jajJI 

^a jVu O-l^ <jjLuu.ll Jlx Calujju. ju 4JLudli CitiLau 4-LLVla ^ixl ^Jf j-uulu — 4iLt£ jjS 1 j 

—jjLuuil Citxaju. jjxluj LaS . jJjlII jluVJJ Mali «GHjJ^ jjxlLu ; jJI jjj^ aV 1 JJjjJ£ «GjSLa *GL1 jJu. 
j Wi 6^ jjjj^JI jjjjJSjlx CjLIjj^. Qu AJLusliJI CjliLuxXI JMk Jjuui VI J3l *Gj 

.^JiuaJI jUVXI Mali cGLuj^ JJXLUJ (^jJI ^JJJI JJjjjS £j jSu *GIujJu. 
.4-ujJuJI oliLcaXb Vjju 1 i \ «ii 3 ju£ 4-Lusli oliLuu L^joj JliUI CiIujJu* <jl j^uLVLuu ^jou L&a j 
JUUI Calxiju. o jlxli 1 * * 3 jU<Jl 4 jujjuJ 1 OliLcaXI yuuj lUO. <ial X < ViMJ OljUUI 4 jJjLS I Jib jSJjj 

.JUUI jJJuxu (^jJI JSui i.KV^ll L^u3jju jlx 




























(J tr\ 'itI 








JUUI j\^A jV 3 j3* o La JUU ^jljj^JI jj^ 3JI ^uUil c^j^3 ^pjl ojLadJI <jl jSjil ^j-usI 

jl jj^JI 4-1j.ginii V 4 jjjuaJI djA Jjlo <L&j iK jl 3jlj-aJI 4 j^jJ jl JbJu^JI ^ JS j iajj j i*31 <jl 

.L^JUaI (j£ajj I 3 jajulg kliu^yj l^ILiLli t»V Jjl Jjxdl 



^i uj <ta jlx djJLu &al3 <Ltuljj pi j^Vj 

j\ ^ ^ 11 ^^a ol jjjlLa 4jMj ^ 3^3 jLdicVI 3^13 (jl 
ojL^J £iMj jj^j 3 dJ3J .3jlj^JI 4^jjJ isJu^Jlj 
(jjj-Ju.0 Qu 43 Mjl1I <LujI jjJ ^jjkILuij l^-ld J< a 1 ,^>Vi a 
: ^A cj jLadJl <>3 a CJlllI j_Jl3JJ Ci i in £a Ja£i 
Cl JJJ CJ£ 4^ JuJ*i J JUUI ^ ^ (jU 43M*JI — \ 

•(J^ O^ 1 *) 


j3& 43jl4^jjj jLSlII (ju 4 ^Mjl1I — T 

.(JjLil <jj3l§) Al&XjuSi Cl JJJ 
j3& 43jl4^jjj jliJI tn* <A> ju 43 Mjl1I — V 


.(^J^a, /l Jaa-JJi jjilS) <UaA Ofcu 

• OMUi Oli^LxJI (j.a J£ iLuil jJ j^Jjlaji JjLUlxuj 



:(<JjjJ JjjjtA) 4 -JjIj^ *LvjJ lJJjU) jJLw 4jbJL3j J)_u ^A^UJl: Vjl 


jl^JI ^jd^LtuJ <43jl4^jj CijJJ j 3£ 4tni «^j JUUI U’ ULd £ju 43 Mjl1I 4-ujI jjJ — 

lA' L^jjj3 I JJJ 4 j jlila 4^1 ^ m <Llui3 (A)4jl^I^.J 4jjj 3I (j-d jj£3jj G ) JSLuill J ^-u3 

j13jjj3 1 jyi Vij <ialiail 4^^ajl 4ia,ml jj ^L^jJI ^ (B) (^j^l 4 jjjjL (A) 4-i^jjVI J tSi\'\ 

. 3-ujJI 4 -LxuLl^ 4jlpS 

LgCla ujI jj (jSbjj 31 j-ljLuxj 4jMj ^lfc JS3j3 4 j^jI 3 j£l£ ^-Lfc ^-ujI j ^jLS d^3j jjjVI 

(jSwJjj Ji-ujl ^Jl jl ^-U.1 ^Jl ^-tuljJI ^jlilll Jjb 4S4 JjLS (B) 4jjjjVIj • LjLj 3 llxulJ ^jLDI Jjua. 



Jba?< Lj 
























:4daVI CiIj^hA-ll j 

fdauui q\ u*i\ ^±2*. Jixul jl ^lef _jJI (B) 4 jjjuVI dj j-da (A) <Ujda^l jJjjlus ^i£La — \ 

(I V'— G JSL<i) Ifli die (A) ^bjdaVI 

. j_^J j ^iiil ^jluu) L&gjLd ^daJJI l (j^j (jLi^,jdu (jGj.jdVl uV 'S^i 

P i ‘UaLuaj (V o| ), oi^i f-t^t O^J&J ( A ) Ji ^ 9 - * 


.jjLdjjLJI 4-h-ml jj 4jlUU (^jJI P CmHg Jhit-udll (^jLuaj 

9 >\p ^ j'« aSj Jj jdej <(Cal jIajujuu 3 je) <Lu.ulla «CiLtoj ^Jel ^Jl (B) 4 j ^jjV I d j^da — V 

uj% h Jlilj UJ^^VI ^ <$^1 (5^-uj £>u £t&j^l <3d* 0^3 ‘ ( V oi) 2 0^3 

.(o T — o JSui) P^ = P a + hjA (juj)U hi (A> 

jdl A-LxuH^ 4iUu-o ^lel ^Jl (B) Aj^jjVI djJ V \\ JSVl ^le jdl 3j-o ^SjLujJI 3j)hirdl jjSC — 1 

.^ui^JI ^odu (V ol ) 3 < P 3 <>*jj 

3-uJJI ghmi JSI (B) 4 j^jjV) ^dijJI ^hmi ^r i <^n C5^ J^Jul ^Jl (B) <Xj^jjV) d^da — ^ 

P^=P -h jib P^ 4hi (Vqi^ 0^3 O*3'^ ^ *1^^ ^ jj jdej Cal jlddiduj 3 JJU (A) 4 j^ daVI 

(-a, r — <3 Jsdij) CAi^Vl ^daJJI ^^khU» (JU £lilajVI h uij^k < 

J^jjj C^J^I ^Luxa Ji-tul ^Jl (B) wbjdaVl djj^C-a JSV) ^le jdl 3 j-o 4daLuJl Sjfrhrdl jj^-a — ^ 

(V ol ) 5 . P 5 


TM 


isJu^JI o^lita j JLsJI jfU ^i^Lsdl 


jjj^XI i jA£. V ol jUUI ^-3kA. (ju ^LuLu 4^Me ^xu jj —V 

J-<^.aCi ^^iiVI j^aJB ^le Mjl^ ( p ) hi thll oj-liLa J ^-mljJI 
( £ — S) JSbuJl Lo£ ^ uir> ^ie 
: jl (jo3j ^LuLlaJI 4jMjlII <>iA j-oj 

v 'oc - 

V ol OC p 

: ^SMxJI &j£> (jaj 

4hi ih ^ LiuiSe lluiLu ojxiLuj Jle (ja ^jola jl jid ^ % ^ 

Jjjj j^jIS (j^u jJb I Jib J 43 JI 4dk jj Ca die 























01 


const 




■H fc 

SbJbJldJL^I 


J L1>^ (^j^l 4 >4 iS 1 Jjjj j^dli AX.Llu2 (jSuOJ j 


H 

■■ 

CO, 

°. 


JisJu-aJI Ci> Jlijl a-o-o. Jj 3 jlj_o_M jdl 


P Vqj = const ( 5 - 1 ) 

.Lidb Ijl jli j-d 4*11* d 4-i aSJ PV () j o j-uiJI J-udL^. Jj2u 3jl j^JI 4^jJ Ci ^u Jjl& 


Cjj^ JLcC jliJl SjIj^eJI j^l 


.SdjjjJb jti dS Yi j Sjlj^JL j j oTi CilJliJI jl jLju 
, adT;^ H CalJlAJI j-d 4jjLuilXI j ^ II dku Ja j£J j 

94jjLuxld jjjlidj ^1 <4i£ikd jjjlidj Cub hi (A> Cik* 
:4-uVI 4-1 jkiJI (^jki dlljjV 

JS 4ALdLdj ^^11 ^ (jujLujid d^ib — \ 

^k 4 1*1 Vid 4 jl^L^J <Ljju! 4-Ld dVn 3 jl J-uu Sdjd-m-a 1 dfl*id 
< 3cm jl 2cm 4j^h IzllL Js^i ^k, ^^uj L^j 4-ddlS 4 jjIJ 

4d j-a. . c -> LdJbj-d£l ji jjdjSJI jjlxuSI ^jb jl p-lj^Jb bjldd <> j uiSVb b^idd JSdJj 

*(° — °) ( 5 ^ LdS *Ld 

3-ujJI h..iA I 4 Sjku ^dJI 4ibxttl jl did kdVj (j^buJI P-UJ ^d Md-13 (j^j^JI P-Ld ^Jl c-SLuril — Y 

.L d fli d JS 

OljliJI (j-d 4jji uiUI ^^ II (j\ ^k JdJ Lad (jGjjLtuid (jGiLuLd jl£jku (j^uJJI ^Jbk. jl la^ib 
j3 jlu ji (j-d j 1 jhi ih Ci jdd j-d jldiXI (juiu I 4 J jl 4^ jd Ci 1 43 jl Idl 4 jj 1 uMd jJdliaj J j 0 T 1 4^13^1,1 

. Ij^Jj I 4 J ^dj^ll dd-alll J-dldLd jjSd jl 
:Cub hi ih Ciki JUlI dddill J-dbt-d 

4^.jd jlj-^. 4^jd Cutijjl Idl 0°C 4^.jd jbUI (j-d ^j)^^ll Sd^j ^dbJJI jldid » 

(ex ) J-djJL l^J J-djjj )) Liib lghi ih p'lid jd 4j^j-d dd^l J 


| rfjitti tHiili ^-11 » Lj^aUl 
















M 


LjljLxJ'l jrul 


____ 


: ( JjLi JjjjLS) AkftJi LJjjO JJuZ, 2Lvj.S^ jlill J-U : LuO 




b| 




• e 4 *^' 

»J» 


i^i A 


kUl^iULx 


Cjjaj 4 j jl 4 ^.jjJ JUUI (ju <OMjl 1 I <LujI jjJ 

jJbi^ < (^ - ^) (J^ Ui IL JjLojJL^ ^ J^IlxuJ 4 Jhi_US 

£iitia 1 mm Jl^ UjlaSj 30 cm l^J^ 4 -i^L*. j 

pl^JI j-o <£jlo£ jo 1 Vi 3-uJJI j-o 3 jlos l^j .L^ji jId j^I j-o 

S jlauUXA ^jJs. JIa £A jJ £A £LlJLa 4 j IJ 4 20 ^AJ^I J-^l J 

Cil^K^JI ^ iTij ^L^jJI ^ pQI J^lj 4^, jJa 


0lVjL^ Ci ^ 


: ^VI 



Jjl-" 


^L^JJI ,ja J^Ij ^jLuJI jlfr^Jl j-u3 jj — ^ 

djjLij jl^-usuVI i^l j nl^ 1 ciMiJI Uajj 

.0°C ^Jl «Ujju!/I J^l J *I^JI JJ-U c5 ^ fc <LlxuHo 3jlli 


Md 




JjLai jJjlS 

Isti-uaJI Cijo£ 3jl jjaJI 4^,jja ^^11 4iJ^x 


4- a1sl±la 4-ia-uV I oV I^Jaj (Vqj)qo C I xil iifl jVii (^jJI 1,1 f-l^-ll J^Is (_>olaj — Y 

• gJaiU 



























3jlWt 


2dttaJl3JL^I 


3 j-o jlbaaVI ^ Jixut ^Jl ^-Lcl (j-o ciUiJt ^4 pla jLLj jj-aj * pltl^ jjJL^JI cJ^JlII £jij — V 
J*2eCjJ i (JU U pi ^Jl J J^b (juLSjJ 1 00°C <ju jiA H P'1 ^jl 3jl 4^ jJ ^-i-u£U 4_LxuLlP 

( V 0l) lOO’C sU ^ J 

*i4a"«* bb 44 Mjl 1I <>JA (jl jab (o *\ — o JSJxi) 3jljxJI b.jJj V 01 jl ^ ^ 1 I £ju £3ilx jixujJ — 1 

-273°C a-ajlS jjx ^S4Vl jj^JU ^biLa 4 jU < bkJI liA Ujj-o I jlj 

:43MjlII ^JbJub Caj-u jjx pi^JJ ^ ^II jj^CJI J^Lxa (jou — o 

^fliWc-^oiVc 


«V = 


( V oi)oc X iooc 


(5-2) 


< 4^jj J£J (^jLuj a v ^l^ ^11 jjbaJI J-oLslp (j\ 1 iloc J£j 

273 

*UjLuiHa jjjUba CuIj b* ib Ca^J jjaua a pI*;^ 1 1 CaljULlI qa 4jjLulLU ^ H jV Ijbfj 

:^Jj LpS JjLi L^xLud 4Amil & j £> . ba4Jl (jxiia apr;^ 11 caljUill ^ill jjbJI J^LjlX 




p I 

0°C jax ^boVI jLvLi i Jlx 4jlpS jl jJj biubJS Ca jxa ole 

2 73 

.j^kV Jlx J-P 4, fi.xi.\ I JJifc v V J 3j^lj 4^jJ djl JiLd SjI j-bl 4^jJ 


LJJ-U> JLlx JUlU bib 3jlj^tJl jbl 


S jl J-au Ij JJ-ULA L^l^J 14 jJJ jbla < a ^ Ca^JJ XaX Ld Jlx bi (A _ Jx 3 jljxJI j-uLa 4_ual jjJ — \ 

4jloS j)3 Vi 2)1 (V — JSum 4*1 a il,b (A) < (B) {jCIajum Cal j 4aI Lgb j4Vi 

dJjJ (Y) < (X) jk J^lj ^4il (A) < (B) 1 mil ^Libxu j5xuaj ^aaJJI J-P 4 -LxuHp 

t^°C sjl4a^jJ (J 01 - 1 ^ bi t^ill LjjLxlp (j* (j*aj)^U b4 (Jjb 

(1V-o) Jifii 























LjtjUtit jrui 




SjtW* 


StallaJt 3 JL^I 



^ ^ ^ 11 ^ .All 


^li-Lj^l ^4 I jjj gJaxu jl ia^^Gt^°C 43jljj ^£1j *U 4 j (j^9^ ^4 ^jjjjJI — ^ 

(cJ S/ — 0 JSCu^B) 4 it mil ^4 ^43 jJ loin < (A) 4 1 1 m 11 
j\-3kA (^jLuuj ^3^a (X) 4 -oMjlII ^JI(A) 4 11 u111 Jj 3^JJ1 ^dnuui Jjju ^la> ^aSJ 

(V c ) ^ <u e^ > t* (VC) u 4 <$* lh^=u> 

Loo h(cm) (jSaJj JOLO j 144.0 i (A) ^4 <laJh,ui jJju (B) 4 \X u»11 ^4 3-i^jJl ^Jb-cu jl la^M3 — 1 

t 2 °C ^Jl t j°C 5jlj-aJI 4^ajj £143jV 4^ m jl jjl 4£ 1,1 *\tni (A Jjl ^-Lc Jjj 

.(_a. V - o Jiu.) h(cm Hg) 

jlj^o (juju j*3j Sj-o ^4 v 4lLa»* jUu jJI pJ-o CiIj-o Sot 44 jLuJI 4aj^aaJI lajj^al 1 jlj — o 

:^JjLo (ju33 133 U jloiXI (j<t4M 5jlj-aJI 4^jj £li3jL 4o^^ Cijaa j-o JUUI tni <^> ^4 3 jLjjJI 

.3jlj-aJI 4^jj £143jb 4ia Jt-u3 jl jJj JliUI ^ Cijaa 4a£ — \ 

4^ jj i,i 14l jl I 31 jlditl (jo4jj 4 4 1,1 CiljUdJ 4 jj1 umXI is j) JLc AJ1 jljj3 ^a^aJI Ca^aa X±£ — T 


. 4jj1 umo jajULoa L$3ljl^a 

Ci 1 4j 1 jl 0°C 4aa jj 4a£ ^LujLSlXI iait-uaJl ^4 SjlaJJI jIjiLo jib iai-uaJI ^4 SjlaJJl J-oUlo 

.jX^-aJI Ci^aj ole 4^ajj L^j jl^a 4^ajj 






















( Ui/Ati ljj^O JLlc jlill : 0113 


(p °C) 4^^JLusVI Jai-uiJI uj jId cjlxuLuj JUlII bi ^ SjbjJI jl LUa.c j^j 

:^JjLaS I jib ^jjuj . At°C <G jl 4^ jj £lij j^fl JJjSj 0°C 

AP oc P 0 * c At °c 
AP = ppP 0 - c ATC 

r«; 


Pi * 3 


AP 


P c . c Ai*c 







t/*?* 

<^A— 0 ) JSLuJI jJJ ^3Jl^. ^j^klLuij <Uaa Cijaa j1lc JliUI b* iA> 3 jLjJ J-aUla (j\jjuJj 

A iWs AJ *Uj jb (B) ^JjJUxi £a J^aLa J t( jl jJ-^JI £i3 J ^L^jjl (JA (A) (^JjS £J JJJXLd lJlS jJJJ 

£aMa j£j jj 4 jlS| 1 3 jxLa ^i£ libjjdA 4~t m AjuuIj Ci na jib j < ^j-CIaaLs (j-ujjlJ JSJxi ^-Lc 

U U JJ &juxl±& £ajajLa .blbJB ^ £ajajI 4-bmJ ja {B) ^JjJUaJI «CajajVI j-b J usujj .31 ja^a jj^Lula 


j>ifti 3-fi *b 



























Cl jLill jru!J 3jljj'j! 4CUitfl 3 JL»^Jl 

3 jiouULA JA4-LUjl jJI 4a^ ill Jixul ^Jl jl ^i£rl ^Jl 4 £^aII ililS (C) 4b(C) 4 j^ bJ^I j 

.4a jUI ^-Lt 42bjLa 4Ajbb 

: ^LuVI JajlII Cilj)hA £-a3jj 


& 


.jILajjLlII j*l jaILujLi 4jja 2JI Ci§ j (^jaJI IsjuaII juu — \ 


CiLajJ j*jo^ L3 jLj 4jlo ^4/UI pJaJI JlajJ liLuJ 4n^^ —!— (A) Jajj — T 


.(^UJU ^aaaJI jjaIII J^Ljla Jlial ^ \ m ^a-v ^l( J-oL xa (j I *♦*^) 3jl jaJI 

4a2auj ^JQjj (j^JLkJI £jiJI iLuJ uuVi pLa 4b (A) £jj)l uiU j.aju — V 

(X) 4 n * a ^Jl jaV) 

3 jl jaJI 4a jj 0-u3 ^2 a 4-lxuLl^ 3 j-a jU*;Vij ^Jju ^2 a ^ulSJI pLXI g\ ><n — £ 

uit>L J. iAi 1 1 £jAJI ^bbjJI fdruui 

iuM*JI ^uij ^Jl £qiJI is^ (^) 4>^ " 0 

f.\ ^gji t^j> us jj j ~y> j (h) jiJI J ^ujJI -»■<■* — qu ^lij jVI fu (X) 

(h) <3^' *S ^1 liL^a ( cm Hg) ^aJI Jbit-L^Jt ^jLau j (P) jSJj (ju M 

^Jl (Gjl^a. £a.jJ j ^KTiI ^Jjlud.1 q ^ “<"<H (J^" 1 ^1 (C) ^qiJI dq^ - *1 

4-a^IjlII ^Jl ui£L J u*nJJ ^Isluj ^Jbjj ^Jl (C) 4l^^2 < 90°C 

hi u m Vt dJj j-dJ jill J ^^lajxi (jU £l&jVI ^(X) 

.^JLJI c5 i 

t >\^Jl hi ih ^ 3j-o JS J dar;^A 3 jlC jL^. jj j 2£ Cilj-o 3oc ^jLuJI J^jlII jj^2 — V 

A. C il «<« 1 1 ^u£Lb ^JXJj-L^-tJ 

Mloo hi thllj ^liVi J J) 1,1 ^i£ 4Jibb 3 jl j^aJI Cal^. jJ (jU 4b2Lu 4^Mt ^-uj jj — A 
: 4 SMjlII ^ 4,aaa Cijbj JUUI hi th J 3 jLjJJI J^Ula * ♦ ^aS 2tu a JbA 4 SMjlII <jl jaj ^-uj!jJI 


P = 


P .^ . P - 
r 100*c r o*c 


p P 0 * c x 100 


(5-4) 































3jiWl 


■H fc 

2dttSJl3JL^I 


1 


4ajj £lijjl J£J-( 5 jLuij Ci ^-u ole pl^JI 3jLj JaLaa 1 iloc jaj 

Lga^ Cijk XAliaJJ CiljlAJI tni i^> SjbJ JaLaa <jl jaj jiLlj . 3jalj 4ajj <>jl^Aa SjljaJI 

.4a±aJI (jxiij 4J 

I^JjLo ^11 j-usjlk (jl iCSjLaJI 4jjajJI ^jQj ijA 

Jsj ^jx>JJjJLui jSljlG 4lol <ja -jl JAa 1 jlx (ja 4JUJL4 4 Jlo£ tnl >A> jl JjJ a ^ ^ 11 £lJJJ jkc 

.isJuaJI I ±Aj . 3 jal J 4a Jj <> jl JSla 3jljaJI 4ajj £|Aj jl 




d qT;a 3 j|CaLa.jJ ^ j) iU j^aa ^ubU (V — 0) JSbUU jLgaJI j*l jalixuL 

4-tulSa SjljaJI 4a.jjj ^-ujIjJI jjaU ^-Lfc M-Laa ^aaJl Qu 4 juLu 43 Mx ^-ujj Li3£a-» 
j\ iSh uiU JaaJI I Jj 5> Jaj ( ^ JSLuJI la£ j\ Jaa J i^Vi jj)a 1.1 ^l£. 411 <\<\ ^jujjJJLu 

(-273°C ) jafc 3 jl j-aJI CiLa. jJ jjaa ^JaAj 4jI Jaj 43aliUxul ^k; 



ft IM IN 

toC \~C 


JjLii ^jjli yAK jiu-aJI glVn ml 























( LuLu ^jQUI Jjulaj j 4jj^j (J l(j ilc 1M ^jJI ^jQUL 4 jLx1ujVI £3^ La£ 

LT^ cr^ (Ji^i c CT 1 ^ JIaj 

( \ * ~ 0 ) JSLuJI Jj La£ j\ ><fi ma -h-k Jj-u2l^JI ^3j Jjalt < ^Vl 

( —273°C) >VI 3jlJ^ajl 4^,jJ ^JhAj 4 jI 4HaLAlml ^Jl^LulXI Jh^JI IJA J-d JjlCj 



, ig Jj^ 4 jj^j ^JKU jlusJI jrOlLoil 

dJA -273°C LjiaJ Lg-dl Jj-L^jJI jSbAJ 3jl4^jJ JSI ^ * —°) J (^ — 0 ) <>K mil 

tni j p ^ ^ la j-ic ^jjLu ^jJI 3jtj^JI 4^jj j jkl£ ji-us jl JjlhJJ ji.un.ll ^lujj La JjLSj 4^jjJI 
(j\j £jd33 °C (ju jJjJLoi 4^jj Lllu LajI J 4jl^<Lajl§ JjAiS ^juLlSLa 3jlj-^JI 4^jJJ < ^JUtl jUlII 

.C-JLxJlJ CJL^^XI 

























iujt^j' «C*^bL4 | 


JU*l»jJu-Jl 




«-?>» yM jiiV' ;*-»! • JjSrf ■ ' ■ » ■ % > 0* - d 4 % - ®) jJLSLi w; ijL-c.; jSLct 

- «)jl: . (" • o > ju. 'wi.’ ./.wxj' 

w J'jJ' ^ jl!} *P = 0 -->« _^>i j V„J — 0 jyuJi Jti JkJS } * -•»^' 

V ,%5 m iU JjLm ^J| Jj .4^}LaJ* L*JJLjv 2*11* JLaJ V u^.i-U* 

<4J1^ jjj' ;L*J« ya* jUJ’ JLi JLf jJf .*L>jLlJl Jgti* j*kJ ill 

«lLC ^ UUjfc* Lit jiL^’ /-i—aJ' Jujl <Lul^ « 

.>vsj« ; urv u >*• ya< >uji > *uvj wtt*>n 


<V. 



OK 

TK 

OK 

QBQ) 



C*C «£kl< V>1 J* 


C,c 





C,0 jU iiki' wU' «i*JU 

<^JL* U ;UitV' j4 JL»"lj ( _^»l£ JJ;-U* JJ;JU ^ ^bo>’j 

O K j#u; (-273*0 
273’K J#U| 0*C 
373’K J,Ui 100’C 

•o‘^‘ 


TCK) = 273*mCO 


5-5' 


J 




























m. 


LjtjUtit jrui 


* 


A 





OtW* 



: 3^3 33 ^ 


i l~i 1,I 4 _iLuu (jA . JjLu> (j^jliLI 4 i> 11 <**> ^lfc JJ .^->.11 ^3 ^ — O') J<j 1 V 1 lb 4j| in mVI ^jS La j — ^ 

: ADE < ABC 

BC = (V ol ), 

DE = (V 0 ,) 2 
AC = T, 

AE = T 2 


Vo. ~ T 

Ysl = const 
T 

r (Vq|)| (Vq|)2 

T, “ T : 


( 5 - 6 ) 


Uj% 'iUjjJ 

& ss 

£LJjdJ kjJL& <Gjl 4^jJ Lj Jj-b LlxuLu Jlx 4JJJLA <Lla£ ^ ^ ^ L-UxiLuJ bjLubJl ClJXl XX 

. JjLui ^j^kl 4 julus <>x&J . jklS 

J^u2oJI (jS^-1 (jGilXI <ul_uu wGLijb (jaSLUj (\ * ~ °) &l-*xcuVbj — Y 


P 


P 


( 5 - 7 ) 


I 


P 

— = const 
T 


u'tf' 

p oc T 

^lfc cGjl ja, 4^jJ 2 *^ bjJ-b llxuLu Jlx 4 julJL$ 4jlo£ )n* <A> olxuLuj ^ v ^ 11 Cl jjj XX 

.bJubJI JjjliJ 4 -JUluS <>X&j .jklS 




























jljLif! jruljja 




3jt>^l 2QJLJI 3 JL^t 




<3jl j^JI 4^.jjj iaiu-iJIj ^^11 4jMj Cal jjjuaj 4iu^j (jSLoj L jlx d jJLuj jl ^j-m Lai La j£j 

.CaljlAlJ ^bdl (J^jIUI 4jMUI Calj-JLiU (j-u Jhj Jl ^oJI 4i^LxJI j 



oljlAU 

^LxJI jjjUJI ^rlVn fnl (j£aij 

3 jlj-^Jl 4^jJ Ca JOJ JLLC 

V Oci 

01 p 

oi^ u* 


V OC T 

ol 

JjLi jjjli y> 

3 jlj-^JI 4^. jj Ca joj JjlC 

T 

V oc _!_ 

ol p 

:<jl dJj (j-o 


T 

V , = const x — 

ol p 

:4i^Ldl j-o j 


P V 

.*. —= Const 

P 

■■o' ^ 


P.iVo)), _ ^ 2 ^ 01)2 (5-8) 

T, T 2 


CaljLxil ^LxJI I 


: 4Hai 


Jlaj 4lxiuJr> j\ ys jiL 91°C ^i 4<aa Li 450 Cm 3 y jjJJLuj jiad 4^jJ ^i jlx (VA-3w ^jlS Ijl — \ 

SLLL 

: J^JI 


(V^>! 21 

<Vo ()2 = Tj 


450 , 273 

TV^)7 _ 273 + 91 


(Vo ,) 2 


450 x 364 

273 


= 600 cm 1 




















ljI jLstfl jruljji 




3j*W 


5LHLHI 


9 CuLj 4hi jl jib j^Sb 293°C ^110°C j-a (>a jjJ urn j^k ui —Y 


: J-aJI 


(Vq|). 

(Voi) 2 

500 


t 2 

273 + 10 


< v oi>: ” 273 + 293 

... . 500 x 566 wuu , , , .. 

VojK = ——— = 1000 cm’ = 1 liter 

283 

Oj 13 <Gl» ( aJjdl ^ 130°C jj£. Us 59.8 cmHg yt> 26°C jl£ I jl -T 




P l= T l 

p 2 't 2 

59.8 273 + 26 


P, 273+130 

n 59.8x403 „ 

P, =-= 80.6 cmHg 

299 6 


380 cm 3 &jjS i ^ 60 cmHg hi Ci^jj 27°C 4a, jj Jjuiu Jlx ^ jljiu — £ 

<l(S.T.P) 3jljA_ll 4 a jJJ IsibucJI JjJLd bJL£ 44AA 

rJ^JI 

273 K jl 0 C° Sjl ja 4a jj 76 cmHg hi <:bb 4 j 1 aOx* (S.T.P) 

P|(Vol), _ P 2 ( Vp|) 2 


I 


T, 


60X 380 76x(V 0 |) 2 


(V C |) 2 = 


300 273 

60 X 380 X 273 


76 X 300 


= 273 cm ' 




Y* Y* _ Y* ^5 


yjCjl Jk-sJl 

































jtjLilt jrut 






2QJ£JI3jL>._$It 


j 12 cmHg <uk, jSI^Jl hi <hll lajis, 15 liters 4n^ jjjjoJI jli 0^ jl Jib -° 
ddxjuj J&Ld P'Ltl ^4 bu^j 50 cmHg «uit ^31 jJI JhjuAII <jj5La Labile 10 liters A^ (j*^ jlx 
.La^^jJ^ hi <h 1 ajhl^ pQjI £L>b jjjUUI Sjl jj CulS I jli <5 liters 

: JjsJI 

5 liters (^1 pbVI &jum JrJL^JI IJJLuu ^jJjUlII JS 
:<jjjL3JI ^Jbj iaJLkJI jju jjjuilll Jlx hi in jL^jV 

p v ol = P, (Vo,), 

•*• 12 x 15 = P, x 5 
P = 36 cmHg 


£3MjlII aj (j^-ojSV) jlx hi th jL^jV 

rv 0 , = p 2 (V 0l ) 2 


p ^ 10x50 ^ |00cm Hg 
2 5 


(jjjlxll Js^l^a Pi* jjU lagJ j^JI q^Pi* i^ill ^* (^jLuj (jjjli isPi» i<*> ,jl Luj 

P = Pj + P 2 = 36 + 100 = 136 cm Hg 





\>o, 


fj-«j yLLa-4 























ljI jtitl jruljji 




3 j*W 


5 LHLHI Sjuv^JI 




:4jluiLuiVI ^axAliilj ^JbjLxUI ( \ ) 

jl jJ^. £A ^jliAii La£ (jh* ill 1 (j th* 1 5*4 ^jLuSUa 3 jAAJMA <LlJ I JjaX 4£ j^, 4 JLa ^4 JUUI CiIIjJja • 

.l^aja^a (^jJI *la)fl 

.4jl1jJ^JI OliLcaXL ci jJU JUUI Ca LuJja <j\A 4JL^li CaliLuxa XaJJ • 

.Ighi lh I n m^C llxuljj Jlx (JA 4jOJLa sLlc£ cJ-CuljJJ 3jljJiJl 4^.jJ oJJJ XX : Jjjj JjJjtS • 

* 1 

0°C jax ^oVI A ^ (j-d ' 273 ' jl JXaa Jlx qjjLa jl JiLa ^ % jl jJj JbJukJI Caj-u xx : JjLui JjjjIS • 
4a, jJ £ja JUUI ^j-a 4 jjIj 4jlo£ ^\aa cJlxuGjj jf .3 jaIj 4a jJ L&jljJLa 3jl j-aJI 4a jJ £lilajl JSJ 

.Cula Ciaj 441hJJ 3jl jaJI 

1*** 

<x1slXjlg (ja ~ 2 J 3 jlbXSLu Jlx ^j-a <jOLa jl jka hi <h jIjJj ^ -v ^ 11 Ca jjj jax :ja) hi ihll JjjjLS • 
ijA 4aala 4 jla£ hi ih cjlxuLjjj jl .3 jaIj 4a jJ djl jka 3jl jaJI 4a jJ £tijjl JSJ 0°C aax ^LusVl 

.Caala ^ CaAJ 441hil 3jl j-aJI 4a jJ j-a JUUI 

4a jJ 3jLaJj a^ ^II 3jLaJ J-aLat-a = aaaJ I Ca jjj jax 5jl j-aJI 4ajJ 3jLaJj hi thll 3jLaJ J-aLx-a • 

Cal JUUI JSJ 273 " = hi thll Ca jjj aax 3jl jaJI 

273 I 4 JI tiUka (ja jjJJLu gj j Jj ^lx 3 jl jaJ I 4a jJ = (jklS (jxilaiLa Ux) 4^1ht,l 3 jl j-aJI 4^ jJ • 


:4al^JI quIjSJI -T 

:^jU jklS ijolaia L^a jl jJA 4ja jjT l g hi ih P < Jlx 4-aaJLa 4 jlo£ ^ ^ ^ JjlS I jl 

.3jl^Jl 4^jj Cajaa jat PV Q1 = const Jaja J)jal4 • 

V 

hi thl) Cajaa jk 01 = const JjLuj JjjalS • 

T 


Ca jaa jk 


= const isji thl) Jjja 14 


Cal jliil j^LxJI 

P l< V 0l). P 2< V 0.)2 , , , 

. =_ = const jl (j\ 


T 1 T 2 

. hi ihII Cajaa jk 3jl jjxJI 4jajJ jIjjJL aaxII jlajjl J-aLx-a • 


OC, 


V -V 

v t°c o°c 


V o°c xAt »c 


1 


273 


4^jjj£] 


. ^ ^ 11 Cajaa jk 3 jl jJaJI 4ja jJ jlajjla hi ihll jlajjl J-aLx-a 


A- 


P t“C" p o-c 
p o-c xAt °c 


273 



































:lfJ J^aJI CtljUjJI ^ 

0 

•“(-?-) .jtalw Ji. (o) jIoLm j->0) 

- (-*) (j) 

S j* <L* jjJjia Uik jli■ 4 nS Iijl-o L«kj til — % 

>».5jbJi4 3^’ J*"' 'i*. - Y 

JU *A-flbJ« ^]l Jils ^ Aijl^ i*^ -lij Uil5 jUUI lai-a jtf • jj -r 

a -w t -w .^11 ajLaVI j ‘ ^ ‘ : LuU 

IjJj >> J_$J ijLaJI jUoJ 5jljA <Uiibj 

jU»yi Jilj *t 3fJ< Ijud JjL j ( \ 

jUs>'l J-*IJ >aa ijbj ( T 

Jj^laU U*»*ll JlUaJI > »jaJ\ ^1*-. (r 

4*U*J Lui _*~UJU kijAJI jiil 

(\.T)(o) (r .T ,\) (1) 

bu(\)(-A) Jaia(r)(j) 

.Lu jii J jUoJ ijl jp^JI CiL^jjJ jili w wUi-a Sjt jJk «L^jJ — T 

373 K(j) 100 K(^) 37 K (% r ») 0K(1) 

:L» jli ij 4uS ,k.^ > i*»Uii -r 

4irki k C*ik 4ijl ^jj (1) 

ki j \ja kkjj Ci 3 -u >^- 4 Jr\k^> £-* lx-Ax. |u) 

4j j! 4l* jj Ci ^ ki4. 4iftk Jr* Ij j ^la (-^) 

jjJLi klX 4 Um UjjJb (j) 

<U jl ^ «L* jj j-Ju 4Ki J» 4-1 U-Ax. (-4) 

^ jliJI J^u^j Of I 0 °C kit jUU! i^>-t 

i6<rc(-k) 8o°r ( y ) 2o°c(t) 




310 K (-a) 


4I0°C (_») 


293*C (j) 


jji&i ^CJ< Jt—7t £ 



































it jtfrt jot >j 





:jU ^1—V* 0-1 ^J| *J~ jU JO-11 li» -* 


AiiuM jUJI <> j ^ jO ^ v j J ( O ) 

■ - 4X.1.AU 4XJ—j ( j) 


.>■!< 1 >aV>>m jLxJI ijl jo jj |i| 

wJL—£ljJI ^Jl jUJI JfJt |^) 

.^Lduj-i jliJI laJL-d (-a) 

: Jlil* «UOJ :QJU 


T h» —H ~-j “ ' ' v I j -.1 jl« II « >» >. I j&y >11 jj^uJI jl 4 j j^oJU js^j OiS — ' 

-CjI jli-H ^ia^J CuU «u) j ^A’k * Ci3-u jo& JULH Lx>^ JoUla jL*oY Jua — T 

VliUg Jj jj JjaU -f 

\xomJI Ci 30 J ojx Ajtiujj £lijjU jIjJj jUUl 1 a* ji <Uj»o*JLk j^j Jl& -1 

V Jkii juu JuS -0 

• J** p> ^ >-• Cv *** 1 ~ n 


Ci< jUdJ i»Uil jjilill u.v.-i -v 

JjjUi :U^lj 

, ^jU 29.VC ^J» hi .All ojU yt 3 «5jl^ JU.JJ C+*ij IO“C J jU JtX 


(2 Liter) 

JcJl^JjZj plk 40cm! fg <u JcJl^xJI jLoak (91-%) jCTC ♦ < >A 4 - jMo »ttl -Y 

(60cm Hg) 0°C jk #l 

j yL* ^760 cm' 84cmHg % ^ JkCC Jo *ooS -r 

( S.T»P#jl^ aJI ^j kitkll Jjjla )76 cm Hg U> k “iaij 0°C 

630 cm' 

jli U ^J| AIJo 400 lo MO 4 1 —j Ai 87 °C ^J) 15 °C jo jk«M *) yJb 4 U — t 

(25%) V4o jy*.y 




I (-3°C) <ujl cmU ^ 1.5Atm «U» 1 a »lyk <u »jUw jU»[ -* 

I C>»1 j4f SI*C ^i; ijij* J» Akjj Itjk jUa^l j *t*JI fak-h 


(1.8 Atm) 

jl Jil t|*-^ •» ■■■■--* 28cm' l^fii ■> *U *... -w'i |o 13m jk »l^Ji j« <UUi —3 

<U jjj 7°C <J< jLUl jull ik »UI *j >jj jl jijki »j»la «UI nkm ^l| J.^» 

I OIUION.m o.j-jJi iaiL-kJt^ 10ms iikjViuiLsJt iLki i)?T* ■ ~u...n ,.c 
(60cm‘) .( 1000kg m' *Ut 4iUi j 

















